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Abstract 
This dissertation was written as part of the MSc in Banking & Finance at the Interna-
tional Hellenic University.  
The benchmark model for asset pricing was Capital Asset Pricing Model for many dec-
ades. The evolution in this financial sector led to multifactor models, primarily intro-
duced by Fama & French in 1992. This research assesses the performance of asset pric-
ing multifactor models, specifically 3-factor and 5-factor models proposed by Fama & 
French. It examines the efficiency of Regional versus Global explanatory factors in the 
multifactor models. It also dissects what should be considered as relevant risk-free 
rate for a particular data-set consisted of Euro Area stock exchanges.  
The sampling field contains the stocks of Greek and Spanish stock exchanges, Athens 
Stock Exchange and Bolsa de Madrid respectively. The sample period is since 2002, the 
physical implementation of Euro currency, until 2016. 
The findings cast doubt whether 5-factor model offers substantial improvement as far 
as the stock exchanges of the two countries, the evidence are contradicting. The role 
and importance of using regional factors at country level analysis is emphasized form 
findings. Finally, this study sheds light whether Bund is more appropriate than T-bill as 
risk-free rate in a multifactor model’s factor-set in Euro Area. 
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Introduction 
Asset pricing has evolved tremendously over the last 6 decades. The primary start 
was made by Sharpe, Lintner and Black with CAPM model. Since then many things 
have changed. The contribution of Eugene Fama and Kenneth French was crucial. 
They evolved the world of asset pricing in 1992 with their 3-factor model and 
changed radically the processes of investing community and the performance evalu-
ation. This first multifactor model, was quite good in explaining the cross-section of 
average expected returns, but presented certain deficiencies that were pointed out 
by several studies. In an effort to further improve their model, they added two more 
factors, the most relevant ones according to the existing theories and literature. 
The purpose of this paper is to extend the existing literature by examining the per-
formance of the 2 multifactor models proposed by Fama& French, the 3-factor and 
the 5-factor model, on two countries of Euro Area: Greece and Spain, with relevant 
course of their economies, although quite different. Does the 5-factor model offer 
substantial improvement in the explanation of average returns on stocks? 
Many studies have considered various countries of European Union and not Euro Ar-
ea specifically as their testing field. The time span that is commonly used contains 
data from years that Monetary Union was not in effect, meaning prior to 2002. Then, 
each country was not bound by common monetary policies, and could adjust its fis-
cal measures in the rise of various situations in order to tackle them and be competi-
tive. The sampling field of this study is consisted of data after 2001, when standard 
and common monetary policies are followed by all members of Euro Area.  
Another aspect of the multifactor models is the composition of the risk bearing fac-
tors. Many researchers and investment practitioners take for granted the existing 
values for the mimicking portfolios that proxy for the specific factors. They use them 
extensively without checking if they correspond to the type of research they utilize 
them into. They have been might led to asset pricing errors, that can demolish whole 
investing strategies, especially if the level of integration of a particular country is not 
ideal. This paper is going to assess the extent and the magnitude of the effects of 
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that choice and if it is worthy all the time-consuming calculations to construct specif-
ic risk bearing factors for each case. 
It is also common to use as risk-free rate the one month US Treasury bill, regardless 
of the region of the world that a research is focused. Is there a more appropriate 
proxy for risk-free rate to be used? Subsequently, this wontedness is going to be 
tested in various formations of multifactor models. 
Study subjects 
This study has two main subjects under examination: The first tests the performance 
of the main multifactor models, namely 3-factor and 5-factor models, proposed by 
Fama & French (1992. 2015). The second examines the efficiency of global versus 
regional risk bearing factors in their ability to explain the variation of excess returns 
of stocks, which was examined firstly by Cakici (2015). 
A higher performance of multifactor models with regional RHS factors compared to 
Global ones is an indication of not integrated markets. In integrated financial mar-
kets, domestic investors can freely buy foreign assets and foreign investors can freely 
buy domestic assets. Bekaert1 et al. (1998) claim that it is difficult to distinguish if 
and when financial markets become integrated. One significant date is when struc-
tural regulatory changes happen, which is often used as the benchmark date. But 
this could be misleading, because regulatory changes affect little the functioning of 
the capital market and a structural break will might take long. 
European commission in its 2015 annual report about Single Market Integration2 
states that there are still unnecessary structural, behavioral and regulatory barriers 
which obstruct the faster reallocation of resources towards more productive firms 
and industries. Thus, there is lower competitiveness and integration of the markets 
of the members. 
                                                     
1   http://www.nber.org/digest/jan99/w6724.html 
2 https://ec.europa.eu/growth/industry/competitiveness/reports/single-
market-integration-competitiveness_en 
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The sampling field derived from two countries: Greece and Spain. The choice was 
based upon the purpose to study the performance of the multifactor models in Euro-
zone area and era. These two countries are among the early members of Eurozone. 
They are affected the most by the 2008 global financial crisis and are subjected to 
recession in their economy for several years consecutively. One major difference be-
tween them is the size of the economy of the two countries, with Spain being thir-
teenth and Greece forty ninth in the IMF world rank based on nominal GDP. Another 
difference is that Greece is still under financial assistance program by EU, but Spain 
exited its own program by January 2014 and its GDP is growing for the last 3 years. 
Contrary, Greece is still under recession with burdensome fiscal measures imposed 
by European Commission and International Monetary Fund. Thus, any significant dis-
crepancies found during this study, might be attributed partially to different fiscal 
and monetary policies followed by the two countries.  
Multifactor models variations 
The first concern of this study is to examine the performance of the original 3-factor 
model of Fama & French (1993) versus its evolvement, the 5-Factor model (2015). 
The intersection of different combinations of Regional and Global factors creates 8 
models, four 3-factor and four 5-factor. The different factor combinations are: 
 Regional factors. Here all the factors used were calculated using the stock prices 
from the two stock exchanges. 
 Global factors. They were downloaded by Professor’s French database3, and they are 
focused in European region. 
 Global factors with Regional risk free rate. Here one month T-bill used in market risk 
factor is replaced by Bund. 
 Global factors with Regional market risk factor. The whole Rm-Rf factor is replaced 
by its respective calculated. 
                                                     
3  
http://mba.tuck.dartmouth.edu/pages/faculty/ken.french/data_library.html 
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Further combinations were tested but they provided insignificant variations and 
meaningful results were impossible to be obtained. 
The remaining of the paper is organized as follows. The next section provides an 
analysis of the existing literature about asset pricing multifactor model and their evo-
lution through time. In the following section, the data that was used for this disserta-
tion are described and the methodology that led to the obtained results. Afterwards, 
there is a primary analysis of the data and the statistical tests that are going to be 
performed. The next to last part reports and interprets the results obtained from the 
statistical and asset pricing tests and the numerous regressions. Finally, conclusion 
section summarizes the findings and limitations and offers, as recommendation, 
some topics for further research. 
 
Literature Review 
The asset pricing model introduced by Sharpe (1964), Lintner (1965) and Black (1972) 
has been for many years the benchmark model relating average returns and risk. The 
so called CAPM model described a linear relationship of expected returns on securi-
ties with their market risk exposure. Furthermore, this exposure coefficient, the be-
ta, was considered adequate to explain the variation in the cross-section of average 
stock returns. 
Many later studies have proved that a large portion of average stock returns could 
not be explained by SLB model. According to Banz (1981), the size of the firms, mar-
ket equity, has significant explanatory power. A lot of other variables were found to 
improve the efficiency of SLB model. Bhandari (1988) mentions that although lever-
age should be captured by beta coefficient, it helps explain the cross-section of aver-
age stock returns. Stattman (1980), Lanstein et al. (1985), Chan et al. (1991) found 
that book-to-market value ratio, B/MV, improves significantly the explanatory power 
of SLB model.  Asness et al. (2013) found in their empirical study that the value effect 
exists in almost all financial markets around the world. Same results about the value 
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effect, meaning that stocks with higher book-to-market value have higher returns 
than stocks with lower B/MV, were also found by Debondt and Thaler 1985, 
Lakonishok et al. (1984) and Zhang (2005). 
Ball (1978) and Basu (1983) propose earnings-to-price ratio, E/P, as capable to catch 
the variation in stock returns. E/P tends to be higher for firms that take higher risks 
and thus offer higher returns. But according to Keim (1988), all these variables: size, 
E/P, leverage, B/MV, are derived or are processed expressions of the stock price. So, 
it is very possible that some of them become redundant in the presence of others.  
Fama & French, in their seminal paper of 1992, found that beta does not appear ca-
pable to explain the variation in the cross-section of average stock returns and that, 
in multivariate tests, the simultaneous presence of size and B/MV seems to absorb 
the explanatory power of the other proposed variables. Furthermore, they found a 
negative relation between size and B/MV, robust negative relation with the returns 
for size, proxied by market equity, and robust positive relationship for B/MV with 
returns respectively. They also claimed that the risks, that stock prices are exposed 
to, are multidimensional and are captured by different variables, if they are priced 
rationally. They presented an explanation about the significance of book-to-market 
value connecting it with the relative distress factor introduced by Chan and Chen 
(1991). They found that the earning prospects of a firm are related to a risk factor in 
returns. Firms that have poor prospects, they have low stock prices and high B/MV 
and they offer higher cost of capital, thus higher expected returns. Their work in-
duced significant changes in the process of portfolio formation and performance 
evaluation on strategies with long-term horizon.  
By 1993 Fama & French changed their technical approach and instead of Fama & 
Macbeth (1973) cross-sectional regression, they adopted the time-series regression 
introduced by Black et al. (1972). They also changed the mimicking portfolios for-
mation procedure. Thus, they came to the final form of the 3-factor model that is 
widely used since then. In short, the mimicking portfolios used as factors for size and 
B/MV are needed to explain the differences in average returns among stocks, but 
the market risk factor explains why stocks present returns above the risk-free rate 
used. 
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Many academics tried to improve the performance of the 3-factor model either by 
adding relevant variables that were responsible for the rest of the stock returns vari-
ation left unexplained or by trying to replace the original variables with more effi-
cient ones. 
Liew and Vassalou (1999) found that “HML and SMB capture information about fun-
damental risk in the economy which affects the investment opportunity set”, or al-
ternatively SMB and HML can predict future economic growth. Vassalou (2003), in 
order to capture the effect of news about future economic growth, formed a mim-
icking portfolio consisted of both equity and fixed-income portfolios as base assets. 
She found that this mimicking portfolio can explain a portion of the cross-sectional 
variation of the returns on stocks and by adding this proxy factor to the CAPM, it im-
proves its performance substantially. Also, when this mimicking portfolio is present 
with the SMB and HML factors in a model, the latter ones lose their capability to ex-
plain the variation in returns. 
On the other hand, Carhart (1997) added a one year momentum factor in stock re-
turns proposed by Jegadeesh and Titman (1993) inside the 3-factor model, in an at-
tempt to explain the persistence in equity mutual fund returns. Momentum effects 
are also reported by Griffin (2002), Griffin et al. (2003), Rouwenhorst (1998, 1999), 
Hou et al. (2010), Cakici et al. (2013), Cakici and Tan (2014). 
The original 3-factor model has difficulties in explaining the variation in stock returns 
that caused by various anomalies, such as accruals examined by Sloan (1996), liquidi-
ty risk proposed by Pastor and Stambaugh (2003), maximum daily returns examined 
by Bali et al. (2011), idiosyncratic volatility proposed by Ang et al. (2006) or net share 
issues examined by both Ikenberry et al. (2005) and Loughran et al. (1995). 
Fama & French (2014, 2015) used the Dividend Discount Formula to explain why 
they decided to evolve their 3-factor model and choose operating profitability and 
another factor, that is proxy for the investing behavior of the firms. There is straight 
relation between expected return with future profits and book equity change re-
spectively. Campbell and Schiller (1988) claimed that the following formula “is a tau-
tology that defines the internal rate of return r”. 
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The price of a stock is the discounted expected value of its future dividends. 
 is the expected dividend at time t+τ. r is the average expected return of the 
stock. 
According to DDF equation, if the stocks of two firms have different prices but the 
same expected dividends, then the stock with the lower price has higher expected 
return. If the pricing of the two stocks by investors is rational, then the firm with the 
lower price must have higher risk in its future dividends.  
Miller and Modigliani (1961) showed that the value of the firm at time t is the pre-
sent value of total equity earnings  minus the change in total book equity  . 
 
By dividing the above formula with book equity  : 
 
we come to 3 important conclusions: First, keeping everything fixed except the mar-
ket value of the firm and the expected return, the higher the value, or the lower the 
B/MV, the lower the expected return. Second, everything fixed except future earn-
ings and the expected return, the higher the earnings the higher the expected re-
turn. Third, everything fixed except the book equity of the firm and the expected re-
turn, the higher the growth of book equity, or equivalently investments, the lower 
the expected return. 
Several academics have proposed different factors in their research to be used as 
proxy for profitability and investing. Novy-Marx (2012) used gross profitability to to-
tal assets as proxy for profitability and found that it has the same explanatory power 
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as book-to-market value ratio and is strongly related to average stock returns. Fama 
& French (2015) used operating profitability to total assets as proxy for profitability. 
Aharoni et al. (2003) observed a weak but statistically significant connection of in-
vesting with variation of returns. Haugen and Baker (1996), Cohen et al. (2002), Fair-
field et al. (2003) and Titman et al. (2004) documented also a reliable relation be-
tween investing and average returns on stocks. Fama & French used growth of total 
assets instead of book equity growth, and observed same results with a slightly high-
er variation in average returns. They also emphasized that asset pricing models do 
not seem to be affected by the way that factors are defined. They also stated that 
“the factors are just diversified portfolios that provide different combinations of ex-
posures to the unknown state variables. Along with the market portfolio and the 
risk-free asset, the factor portfolios span the relevant multifactor efficient set “4. If 
all factor loadings capture the variation in average returns, the intercepts of the 
models should be equal to zero (Merton (1973) and Ross (1976)). Huberman and 
Kandel (1987) tried interpret the hypothesis that the constant is equal to zero. They 
mentioned that the mean-variance-efficient tangency portfolio, which prices all as-
sets, combines the risk-free asset, the market portfolio, as well as the mimicking 
portfolios that proxy for size, value, profitability and investing. 
The main deficiency of the 5-factor model is that it cannot explain the low average 
returns on small stocks whose returns behave like those of firms that have low prof-
itability and, nevertheless, invest a lot. Those firms have large negative exposure on 
both profitability and investing factor. 
Cakici (2015) examined a different angle of the efficiency of the factors. He did not 
focus on the factors themselves per se, instead he tried to test the performance of 
the factors derived from Global data, or alternatively data from large regions of the 
world, even continents. Multifactor models with factors comprised by Global data 
are the norm and are used widely in research papers or financial industry in portfolio 
formation or performance evaluation. He juxtaposed performance results of Global 
factors with Regional factors. He divided countries that share similar characteristics 
                                                     
4 Fama & French (2015) 
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in groups, in order to calculate the regional factors. He found that regional factors 
perform always better than global factors in the models. Thus, he examined in paral-
lel the degree of integration of the financial markets, as these results serve as a 
proxy of the characteristic differences that encompass the local markets. Those dif-
ferences make the use of regional factors necessary in order to achieve realistic and 
more accurate strategies. 
Grounded on the above research results, I move one step further the process of the 
regional factor formation. My aim is to examine whether the very wide use of such 
general factors generates sufficiently accurate results when the subject is countries 
under financial stress. I use regional data at a country-wide level for the Regional fac-
tors’ calculation and juxtapose them with global-regional factors, although from now 
on to be called Global, derived from Professor’s French database. Those risk-bearing 
factors contain data from several European countries. I am focusing on two coun-
tries, Greece and Spain, which are among the early members or Eurozone. The time 
era under test is from 2002, when euro was implemented in it physical form as the 
mean of everyday financial transactions. I also check if the 5-factor model improves 
significantly the performance of the 3-factor model in characteristic European coun-
tries.   
 
Data & Methodology 
The data used as the study sample and as well as the methodology followed, on 
which this dissertation is based, are discussed analytically in this chapter. 
Data 
The data are consisted of monthly stock prices of firms that comprise the all share 
indices of Athens Stock Exchange and Bolsa de Madrid. The chosen time range under 
testing starts at 2002, since the physical implementation of euro currency, and con-
tains the most recent prices available, until end of June 2016. Although, the total da-
ta obtained were since July 2001, in order to follow as closely as possibly the meth-
odology introduced by Fama & French. The same methodology is followed by the 
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majority of academics. Data for the all-share indices and annual GDP were down-
loaded as well. The sources of the total data volume are Eurostat and Bloomberg Da-
tabase, opted among the rest available databases in the university facilities for their 
credibility and accuracy. 
There are 168 observations in the sample period for Bolsa de Madrid, but 167 for 
Athens Stock Exchange. One observation for July 2015 is missing, because the stock 
exchange was closed due to the bank-run and the associated capital controls.  
Bloomberg Database provided prices mainly on ongoing firms. But there are several 
dead firms especially for Madrid Stock Exchange. Thus, there might be evidence of 
survival bias in the results. 
The widest possible time span was chosen in favor of quantity of stocks. After 2008 
crisis and the following recession, plenty of firms went private, because they did not 
meet trading standards such as marketability or minimum free float, they could not 
afford the annual listing fees or some of them defaulted. A more comprehensive as-
sessment of relationship between stocks and factors prices is nevertheless preferred. 
All returns are excess returns. They include dividends and capital gains and are not 
continuously compounded. Monthly historical market capitalization values for the 
firms were downloaded. Annual market-to-book values converted afterwards to the 
desirable book-to-market ratio were also downloaded, as well as operating profita-
bility to common equity ratios for profitability proxy, balance sheet asset values at 
December of year t-1 and t-2 and the variation of them is used as proxy for invest-
ments. A company must have capitalization values at June of year t, book-to-market 
values at December t-1, profitability ratios at December t-1 and asset values at De-
cember of year t-1 and t-2 to be included in the formation of the annual portfolios. 
Firms with negative book values are excluded. Financial firms are included in the cal-
culations because they cause marginal alterations to the results (Fama & French 
1992, 1993). Even more, firms that have not more than 4 monthly prices during a 
specific portfolio year are excluded from portfolio allocation procedures for that 
year, because most times, the prices do not follow a Wiener Process, presenting 
large price gaps and unnatural behavior.  
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Global factors for Europe were obtained from Professor’s French database5. 
Methodology 
The methodology followed was as closely as possible to the one proposed by Fama & 
French (2015). This happened because the results would be comparable to other 
studies’ findings that opt to follow the same methodology. Thus, if any discrepancies 
would be found, they could lead perhaps to meaningful outcomes and explanations. 
Portfolios formation 
3-factor model 
The Fama & French 3 factors are constructed based on 6 value-weighted portfolios6 ( 
Table 1), (Fama & French 1993). Value weighted portfolios are used exclusively be-
cause they give a precise estimation of the true return of the portfolio. The inde-
pendent sorting of the portfolios goes as following: For size, I rank the firms in de-
scending order based on their capitalization at June t of the particular year and 
choose for the big portfolios the ones that are accounted for the 90 percent of the 
total capitalization. The rest of the firms consisting the further 10 percent are cate-
gorized to the small portfolios.  For B/MV, stocks are ranked in descending order 
based on their values at December t-1. The breakpoints are set at 30th and 70th per-
centile according to Fama & French (1993, 2015) procedure. Then, the intersection 
of stocks that are common in the two sortings are being found and allocated in these 
six independent portfolios forming the following combinations of them: 
                                                     
5  
http://mba.tuck.dartmouth.edu/pages/faculty/ken.french/data_library.html 
6http://mba.tuck.dartmouth.edu/pages/faculty/ken.french/Data_Library/f- 
f_5developed.html  
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Table 1: 3-Factor Model Basic Portfolios 
Size – B/MV 
S/L Small capitalization with low B/MV 
S/M Small capitalization with medium B/MV 
S/H Small capitalization with high B/MV 
B/L Big capitalization with low B/MV 
B/M Big capitalization with medium B/MV 
B/H Big capitalization with high B/MV 
 
Then, SMB is the equal-weight average of the returns on the three small stock port-
folios for each stock exchange minus the average of the returns on the three big 
stock portfolios, 
 SMB = (S/L + S/M + S/H)/3 – (B/L + B/M + B/H)/3.  
 
HML is the equal-weight average of the returns for the two high B/MV portfolios for 
each stock exchange minus the average of the returns for the two low B/M portfoli-
os, 
 HML = (S/H + B/H)/2 – (S/L + B/L)/2. 
 
For the risk bearing factor accounted for excess market or systemic risk, all stocks are 
included in the calculations, even those with negative B/MV. The results found are 
quite similar to the value weighted all-share indices of the two stock exchanges. 
The whole procedure is repeated after each year, forming portfolios from July t to 
June t-1. Six-month lag of B/MV, total assets and profitability proxy is considered ad-
equate, as proposed by Fama & French (1992), in order the financial statements to 
be already released in public and play their role affecting the prices (Jones et al. 
1992). 
   
  -13- 
5-factor model 
Similar procedure is followed for the 5-factor model (Table 2). Firms are sorted 
based on their profitability and are divided at 30th and 70th percentile. Then, stocks in 
common are being found forming six portfolios based on Size- Profitability sorting. 
One last sorting is based on investing activity proxied by the variation of their total 
assets of the two previous years. Six portfolios are formed based on Size- Invest-
ment. 
Table 2: 5-Factor Model Basic Portfolios 
Size – Profitability 
S/W Small capitalization with weak operating profitability 
S/M Small capitalization with medium operating profitability 
S/R Small capitalization with robust operating profitability 
B/W Big capitalization with weak operating profitability 
B/M Big capitalization with medium operating profitability 
B/R Big capitalization with robust operating profitability 
Size – Investing 
S/C Small capitalization with conservative investing 
S/M Small capitalization with medium investing 
S/A Small capitalization with aggressive investing 
B/C Big capitalization with conservative investing 
B/M Big capitalization with medium investing 
B/A Big capitalization with aggressive investing 
 
RMW (Robust Minus Weak) is the average return on the two robust operating prof-
itability portfolios minus the average return on the two weak operating profitability 
portfolios,   
 RMW = (S/R + B/R)/2 - (S/W + B/W)/2.   
 
CMA (Conservative Minus Aggressive) is the average return on the two conservative 
investment portfolios minus the average return on the two aggressive investment 
portfolios, 
 CMA = (S/C +B/C)/2 – (S/A + B/A)/2. 
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HML values are equal to the 3-factor model. 
 
SMB is the simple average of the SMB factors derived after the 3 above sorting, 
 SMB = (SMBB/MV + SMBPROF + SMBINV)/3. 
 
The whole procedure is repeated after each year as well, forming portfolios from July 
t to June t-1.  
The regression process followed is the one proposed by Black et al. (1972), namely 
the time-series regression approach. Monthly excess returns on stocks are regressed 
on the excess returns of risk bearing factors: market factor (Rm-Rf) and two mimick-
ing portfolios that proxy for size (SMB) and value (HML) for the 3-factor model. In 
the 5-factor model, two more mimicking portfolios are added which proxy for oper-
ating profitability (RMW) and investing approach (CMA) of the firms respectively. 
The 3-factor models are regressed with the 6 basic portfolios derived from the Size- 
Value Sorting. The 5-factor models are regressed with the 18 basic models from the 
three independent sortings. 
The eight, different models combined with the 6 or 18 basic portfolios respectively 
produce 192 main regressions. 
Trying to follow closely the FF methodology, an important limitation arises. When 
regressing the excess simple returns of 25 independent portfolios, most them left 
without a single member stock. The same problem is evident and in Fama & French 
(2014, 2015). They tried to tackle it by changing the percentage breakpoints in each 
sorting, but they had at their disposal thousands of firms. Given the much smaller 
sample of firms tested form the two national stock exchanges, the tests are per-
formed on the basic six portfolios, derived from each 2*3 sorting for the 3-factor 
model or basic eighteen portfolios of the 5-factor models. Even though, during the 
size-profitability sorting of Bolsa de Madrid stocks, for years 2005, 2006, 2009, 2011, 
no firms are allocated to the B/W portfolio (Table 2). During the size-investing sort-
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ing of Athens Stock Exchange stocks, for years 2006, 2007, 2011, no firms were allo-
cated to the B/W portfolio (Table 2). 
Data Analysis 
In this section, a primary analysis of the main data and the sampling field is present-
ed. The statistical tests, which are chosen to be used, are also described. 
Country characteristics and comparison 
The main indicator of the performance of an economy is GDP. It can reveal many 
things like the trend of the economy, its growth, the efficiency of fiscal and monetary 
policies, the magnitude of growth or decline. It can also be used as a predictor for 
the future course of the economy. In the following chart (Figure 1), it is observable 
that 2008 crisis affected almost the same the two countries. But the economy of 
Spain revived with relevant pace to the Eurozone Average, although with milder 
forcefulness. A more analytical chart about GDP of all primary Eurozone member 
countries can be found in Appendix (Figure 5). 
Figure 1: GDP Graph of Greece, Spain, Euro Area Average 
 
 
Furthermore, the correlation coefficient of the two countries is 0.83 significant at 1% 
(Table 3). 
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Table 3: Correlation Table of GDP of Greece and Spain 
  GREECE  SPAIN  
Correlation GREECE  1 
 Probability 
 
-----  
  
Correlation SPAIN  0.83 1 
Probability 
 
0.001 -----  
 
The prices  of the all-share indices of the stock exchanges of the two countries (ASE, 
MADX) can be seen in the next graph (Figure 2). The stock exchanges of the two 
countries follow quite similar paths. The size of the effect of 2008 crisis was way 
more significant for the Athens Stock Exchange, 
Figure 2: ASE and MADX Price Graph 
 
 
The returns of the two stock exchanges indices follow the normal distribution, so 
their prices follow the lognormal distribution (Table 4). 
Table 4: ASE - MADX Returns Normality Test 
 ASE MADX 
Jarque-Bera 3.59 4.64 
 Probability 0.17 0.10 
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The correlation coefficient of the two stock exchange returns is at 0.74, quite close 
to the one of the GDP of the two countries (Table 5). This means that stock prices 
and the whole economy, in general, of the two countries move in relevance with 
each other. 
Table 5: Correlation Table of ASE – MADX Returns 
  ASE_RETURNS  MADX_RETURNS  
Correlation ASE_RETURNS  1 
 Probability 
 
-----  
  
Correlation MADX_RETURNS  0.74 1 
Probability 
 
0 -----  
 
Risk free rate choice 
It is common in global studies to use one month US Treasury Bill as the risk-free rate, 
in order to be able to compare other markets with the benchmark of US economy. 
Since this research is exclusively focused on the euro area and euro era, I tried to 
find a most suitable Rf. 
If we consider that the market is efficient, the equilibrium expected real return on 
the risk-free rate is constant through time, then all the variations through time of the 
nominal risk free rate Rt resemble the variations of the best estimate of price index 
change Δt hat.  Thus, the Rt-1 is the best possible predictor7 of the of inflation from t-
1 to t, 
, 
meaning that the appropriate Rf has optimal correlation with inflation rate (Figure 
3). The most common factor used in Europe is the 10-year German Bund, since more 
                                                     
7 
http://faculty.chicagobooth.edu/eugene.fama/research/Foundations%20of%20Fina
nce/Chapter%206%20Short%20Term%20Interest%20Rates%20as%20Predictors%20
of%20Inflation.pdf 
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short-term bonds are scarcely issued by the German government, because of its 
trading surplus. I tested the correlation between inflation with Bund and T-bill (Table 
6) and found that although correlation coefficient of Bund is lower than that of T-bill, 
it is significant at 15% contrary to 27% for T-bill. For that reason, I implement both in 
the regressions calculations. I must notice here that the two risk-free rates have a 
substantial correlation coefficient at 0.57 which is significant at 1%. 
Figure 3: Risk-free Rates Yield and Eurozone Inflation Graph 
 
 
Table 6: Correlation Table of Risk-free Rates and Eurozone Inflation  
  BUND  EURO_INFLATION  T_BILL  
Correlation BUND  1 
  Probability 
 
-----  
   
Correlation EURO_INFLATION  0.11 1 
 Probability 
 
0.143 -----  
  
   Correlation T_BILL  0.57 0.08 1 
Probability 
 
0 0.264 -----  
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Allocation of stocks in the portfolios 
The tables below (Table 7, Table 8) show how the sample of firms is allocated in the 
portfolios through the different sortings: Size – B/MV, Size- Op. Profitability, Size – 
Investing. 
Table 7: ASE Percentage allocation of stocks 
Athens Stock Exchange 
Percentage allocation of stocks 
Size - B/MV 
S/L S/M S/H B/L B/M B/H 
16.29% 25.73% 23.64% 14.35% 13.96% 6.04% 
 Size - Profitability 
S/W S/M S/R B/W B/M B/R 
22.55% 28.17% 14.08% 6.79% 12.73% 15.68% 
 Size - Investing 
S/C S/M S/A B/C B/M B/A 
20.14% 35.81% 9.15% 9.28% 4.44% 21.18% 
 
Table 8: MADX Percentage allocation of stocks 
Bolsa de Madrid 
Percentage allocation of stocks 
Size - B/MV 
S/L S/M S/H B/L B/M B/H 
18.86% 27.70% 24.73% 11.49% 12.25% 4.97% 
 Size - Profitability 
S/W S/M S/R B/W B/M B/R 
27.19% 29.14% 15.28% 2.10% 12.89% 13.41% 
 Size - Investing 
S/C S/M S/A B/C B/M B/A 
23.79% 35.97% 12.16% 6.44% 3.00% 18.64% 
 
A cross examination of the above tables (Table 7, Table 8) indicates that the distribu-
tion of the firms of the two stock exchanges to the portfolios are quite similar. Very 
few big firms had large book-to-market value, thus they were not considered under-
valued or with low future growth or profitability prospects by the market. This is evi-
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dent especially in Spain during 2002 to 2006. I should mention here, that a significant 
portion of listed firms in Spain presented negative book value since 2005, perhaps a 
primary evidence of economy slowdown that started at the end of 2006 (Figure 1). 
The majority of firms with weak profitability are the small ones and according to size-
investing sorting, small firms tend to neglect their growth or have difficulties. Addi-
tionally, big firms tend to invest heavily. One explanation could be given by the fact 
that the largest trading volumes in both stock exchanges are attributed to the largest 
firms, the so-called “blue chips”. They attract the interest of investors and they have 
easier access to additional capital. The percentage of total stocks classified in B/H is 
getting lower as we approach the big crisis of 2008 succeeded by the recession years. 
Consequently, firms tend to be more careful towards their investment strategy. They 
have lower liquidity and capital resources, thus the percentage in B/C portfolio in-
creases. 
By careful examination of the allocation to portfolios through the three sortings of 
specific firms, there is evidence of correlation of the tree variables: B/V – Op. Profit-
ability – Investing consistent with Fama & French (1995) findings. Firms that have 
low B/MV and are large, tend to be very profitable ad invest aggressively. Contrary, 
firms with high B/MV have low profitability and weak investment activity. Because of 
that correlation of the variables, average portfolio returns are not isolated perfectly 
by value, profitability and investing effects during the three sortings. 
Portfolios’ descriptive statistics 
Auxiliary regressions of each portfolio with constant were calculated in order to get 
corrected t-statistics for multicollinearity and heteroscedasticity. The method intro-
duced by Newey-West (1987) was followed, but allowing the number of lags in use 
to be specified by AIC. The following tables present the average monthly excess re-
turns, the standard deviation of each portfolio and the t-statistic (Table 9: ASE 3-
factor Portfolios descriptive statisticsTable 9, Table 10, Table 11, Table 12). 
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Table 9: ASE 3-factor Portfolios descriptive statistics 
Athens Stock Exchange 
3-factor model 
Size - B/MV 
 S/L S/M S/H B/L B/M B/H 
Mean 2.139% 0.724% 0.367% 0.904% -0.996% -0.628% 
Std Dev 17.21% 10.08% 11.30% 9.52% 12.84% 11.98% 
NW t-statistic 1.55 0.66 0.32 1.07 -0.90 -0.73 
 
Table 10: ASE 5-factor Portfolios descriptive statistics 
Athens Stock Exchange 
5-factor model 
Size - B/MV 
 S/L S/M S/H B/L B/M B/H 
Mean 2.139% 0.724% 0.367% 0.904% -0.996% -0.628% 
Std Dev 17.21% 10.08% 11.30% 9.52% 12.84% 11.98% 
NW t-statistic 1.55 0.66 0.32 1.07 -0.90 -0.73 
 
Size - Profitability 
 S/W S/M S/R B/W B/M B/R 
Mean 0.774% 0.706% 1.912% 0.102% -0.320% 0.538% 
Std Dev 11.46% 9.71% 17.56% 14.39% 10.83% 9.53% 
NW t-statistic 0.76 0.79 1.28 0.09 -0.32 0.56 
 
Size - Investing 
 S/C S/M S/A B/C B/M B/A 
Mean 0.796% 2.001% 0.983% -0.926% 0.670% -0.361% 
Std Dev 11.70% 13.28% 18.15% 11.22% 10.71% 10.88% 
NW t-statistic 0.81 1.75 0.67 -1.11 0.93 -0.36 
 
Table 11: MADX 3-factor Portfolios descriptive statistics 
Bolsa de Madrid 
3-factor model 
Size - B/MV 
 S/L S/M S/H B/L B/M B/H 
Mean 0.284% 0.124% 0.476% 0.435% 0.039% -0.531% 
Std Dev 6.99% 6.07% 7.18% 5.28% 6.47% 8.47% 
NW t-statistic 0.52 0.19 0.58 1.22 0.08 -0.68 
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Table 12: MADX 5-factor Portfolios descriptive statistics 
Bolsa de Madrid 
5-factor model 
Size - B/MV 
 S/L S/M S/H B/L B/M B/H 
Mean 0.284% 0.124% 0.476% 0.435% 0.039% -0.531% 
Std Dev 6.99% 6.07% 7.18% 5.28% 6.47% 8.47% 
NW t-statistic 0.52 0.19 0.58 1.22 0.08 -0.68 
 
Size - Profitability 
 S/W S/M S/R B/W B/M B/R 
Mean -0.198% 0.412% 0.181% -0.627% 0.001% 0.337% 
Std Dev 7.55% 5.86% 6.22% 10.98% 6.92% 4.77% 
NW t-statistic -0.23 0.61 0.22 -0.71 0.00 0.95 
 
Size - Investing 
 S/C S/M S/A B/C B/M B/A 
Mean -0.089% 0.051% 0.451% -0.073% 0.713% 0.219% 
Std Dev 6.83% 5.40% 6.65% 5.79% 5.38% 6.29% 
NW t-statistic -0.13 0.10 0.54 -0.20 1.57 0.43 
 
The size effect is prominent in all 24 portfolios of ASE (Table 9, Table 10), meaning 
that the portfolios consisted of small stocks offer larger returns than their relevant 
portfolios consisted of big stocks. It is not existent though in MADX portfolios (Table 
11, Table 12). In the Size – Value sorting, small firms with low B/MV appear to have 
lower average returns (0.284%) than the big firms with low B/MV (0.435%). The big 
firms with high profitability offer higher returns (0.337%) than the small firms with 
high profitability (0.181%).  Of the firms that investing at a medium rate, the big ones 
offer substantially higher returns (0.713%) than the small ones (0.051%). 
The value premium is absent for ASE stocks. It exists among the small stock for 
MADX, but not among its big stocks. Cakici (2015) found that value premium is signif-
icant only for the portfolios of the 3 first quantiles in Europe.  
The profitability effect is present in the returns differential in both stock exchanges, 
contrary to investing effect that is totally absent. The results regarding only for prof-
itability effect are consistent with Cakici (2015) and Fama & French (2015) for the US 
area. No average return is statistically significant. 
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Factors’ descriptive statistics 
The tables bellow (Table 13, Table 14, Table 15, Table 16) contain the mean returns, 
the standard deviation and the Newey-West t-statistics for the RHS factors that are 
used in the regressions as explanatory variables.  
Once again, auxiliary regressions of each factor with constant were calculated in or-
der to get corrected t-statistics for multicollinearity and heteroscedasticity. The 
method introduced by Newey-West (1987) was followed, but allowing the number of 
lags in use to be specified by AIC. 
 
Table 13: ASE 3-factor descriptive statistics 
Athens Stock Exchange 
3-factor model 
Global SMB HML Rm-Rf 
Mean 0.199% 0.126% 0.590% 
Std Dev 1.98% 2.15% 5.62% 
NW t-statistic 1.34 0.59 1.13 
 
Regional SMB HML Rm-Rf 
Mean 1.317% -1.652% -0.667% 
Std Dev 7.33% 9.58% 8.96% 
NW t-statistic 2.36 -2.58 -0.75 
 
Global-Bund SMB HML Rm-Rf 
Mean 0.199% 0.126% 0.253% 
Std Dev 1.98% 2.15% 5.62% 
NW t-statistic 1.34 0.59 0.49 
 
Global, Regional Rm-Rf SMB HML Rm-Rf 
Mean 0.199% 0.126% -0.667% 
Std Dev 1.98% 2.15% 8.96% 
NW t-statistic 1.34 0.59 -0.75 
 
Table 14: ASE 5-factor descriptive statistics 
Athens Stock Exchange 
5-factor model 
Global SMB HML RMW CMA Rm-Rf 
Mean 0.269% 0.126% 0.352% 0.137% 0.590% 
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Table 14 continued 
Std Dev 1.98% 2.15% 1.57% 1.37% 5.62% 
NW t-statistic 1.82 0.59 2.68 1.24 1.13 
 
Regional SMB HML RMW CMA Rm-Rf 
Mean 1.343% -1.169% 0.673% -0.376% -0.667% 
Std Dev 6.88% 9.55% 10.35% 8.30% 8.96% 
NW t-statistic 2.55 -1.71 0.87 -0.72 -0.75 
 
Global-Bund SMB HML RMW CMA Rm-Rf 
Mean 0.269% 0.126% 0.352% 0.137% 0.253% 
Std Dev 1.98% 2.15% 1.57% 1.37% 5.62% 
NW t-statistic 1.82 0.59 2.68 1.24 0.49 
 
Global, Regional Rm-Rf SMB HML RMW CMA Rm-Rf 
Mean 0.269% 0.126% 0.352% 0.137% -0.667% 
Std Dev 1.98% 2.15% 1.57% 1.37% 8.96% 
NW t-statistic 1.82 0.59 2.68 1.24 -0.75 
 
Table 15: MADX 3-factor descriptive statistics 
Bolsa de Madrid 
3-factor model 
Global SMB HML Rm-Rf 
Mean 0.193% 0.110% 0.600% 
Std Dev 1.98% 2.16% 5.60% 
NW t-statistic 1.33 0.44 1.16 
 
Regional SMB HML Rm-Rf 
Mean 0.314% -0.387% 0.007% 
Std Dev 3.34% 5.05% 5.70% 
NW t-statistic 1.12 -0.88 0.02 
 
Global-Bund SMB HML Rm-Rf 
Mean 0.193% 0.110% 0.266% 
Std Dev 1.98% 2.16% 5.61% 
NW t-statistic 1.33 0.44 0.51 
 
Global, Regional Rm-Rf SMB HML Rm-Rf 
Mean 0.193% 0.110% 0.007% 
Std Dev 1.98% 2.16% 5.70% 
NW t-statistic 1.33 0.44 0.02 
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Table 16: MADX 5-factor descriptive statistics 
Bolsa de Madrid 
5-factor model 
Global SMB HML RMW CMA Rm-Rf 
Mean 0.262% 0.110% 0.356% 0.134% 0.600% 
Std Dev 1.97% 2.16% 1.56% 1.37% 5.60% 
NW t-statistic 1.81 0.44 2.69 1.21 1.16 
 
Regional SMB HML RMW CMA Rm-Rf 
Mean 0.111% -0.387% 0.582% -0.416% 0.007% 
Std Dev 2.98% 5.05% 5.36% 3.81% 5.70% 
NW t-statistic 0.42 -0.88 1.79 -1.22 0.02 
 
Global-Bund SMB HML RMW CMA Rm-Rf 
Mean 0.262% 0.110% 0.356% 0.134% 0.266% 
Std Dev 1.97% 2.16% 1.56% 1.37% 5.61% 
NW t-statistic 1.81 0.44 2.69 1.21 0.51 
 
Global, Regional Rm-Rf SMB HML RMW CMA Rm-Rf 
Mean 0.262% 0.110% 0.356% 0.134% 0.007% 
Std Dev 1.97% 2.16% 1.56% 1.37% 5.70% 
NW t-statistic 1.81 0.44 2.69 1.21 0.02 
 
As far as 3-factor model for Athens Stock Exchange (Table 13), risk market premium 
is not significant for any factor combination, in contrast to SMB (1.317%) and HML (-
1.652%) that become significant for Regional 3-factor model. The negative HML fac-
tor indicates that controlling for size, growth stocks offer larger average returns than 
value stocks meaning there is no value premium! None of the factors seem to have 
statistically significant average return for the 3-factor model of Bolsa de Madrid 
(Table 15). 
For the 5-factor model for ASE (Table 14), SMB factor is significant for the Regional 
factors (1.343%) and marginally significant for the rest of the combinations. Average 
returns of HML, CMA, Rm-Rf factors are not significant for the 4 combinations. RMW 
is not statistically significant for the Regional factors, but it is significant for the rest 
of the combinations (0.352%). For MADX 5-factor model combinations (Table 16), 
SMB is marginally statistically significant (0.262%) except from Regional Combina-
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tion. HML, CMA and Rm-Rf average returns are not significant. RMW for Spain pre-
sent similar behavior to the one for Greece. It is statistically significant (0.356%), but 
for the Regional combination is marginally significant. 
It is observable that for both stock exchanges, there are alternations in the statistical 
significance of the Global versus Regional factors. This constitutes maybe a primary 
evidence of low integration level of the two economies into the Single Market. There 
are still local characteristics that make their behavior unique. 
Statistical tests 
Data are examined thoroughly about their statistical properties as well as the inter-
connections between them. Correlation coefficients among RHS factors are calculat-
ed and their significance. Their stability through time, as risk bearing factors, is ex-
amined using Quandt-Andrews test. The regression residuals are tested for hetero-
scedasticity with White’s test and for autocorrelation with Breusch-Godfrey LM test. 
Variance Inflation Factors gives an indication of coefficient variation due to multicol-
linearity. 
The Andrews (1993) LR test examines for one or more unknown structural break-
points in the sample for a specified equation, thus it examines the stability of the co-
efficients over time as used by Vassalou (2002). Trimming percentage was at 15% 
sections of the observations. 
White’s (1980) test is a test for the null hypothesis of no heteroskedasticity against 
heteroskedasticity of unknown, general form. Breusch – Pagan test examines only 
for linear forms of heteroscedasticity, in contrast to White test that examines for 
more generic forms of heteroscedasticity. 
The BG LM (1988) tests whether the residuals are autocorrelated. Unlike Durbin-
Watson tests which only examines first order correlation, BG LM was set to examine 
up to 6 lags. 
VIF is a method of measuring the level of collinearity between the regressors in an 
equation. VIFs show how much of the variance of a coefficient estimate of a regres-
sor has been inflated due to collinearity with the other regressors. 
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Asset pricing Performance tests 
The performance and efficiency of various combinations of factors used in 3-factor 
and 5-factor models is tested with GRS statistic, average absolute value of intercepts 
, a ratio of average absolute value over average absolute value of  ( 
), adjusted R-squared and Akaike Information Criterion. 
The GRS statistic, introduced by Gibbons et al. (1989), is calculated using the follow-
ing formula (Figure 4).  
Figure 4: GRS F-statistic 
 
Source:http://faculty.chicagobooth.edu/eugene.fama/teaching/Reading%20List%20
and%20Notes/GRS.pdf 
Average absolute value over average absolute value of , is a measure 
of excess returns that left unexplained from the multifactor models. Average abso-
lute intercepts on numerator measures their dispersion produced by a given model 
for a set of LHS portfolios. The denominator is calculated as the average value  , 
which is the time series average of excess returns on portfolio i, minus the cross-
section average return of i portfolios, and measures the dispersion of excess returns. 
Adjusted R-squared measures the percentage of observations’ variation which is ex-
plained by a specific model. 
The Akaike information criterion (AIC) is a measure of the relative quality of statisti-
cal models for a given set of data. 
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If an asset pricing model captures completely the variation in excess returns, then 
the intercepts derived from regression of assets or portfolios under examination 
with the factors should be indistinguishable from zero according to Merton (1973) 
and Ross (1976). Thus, GRS and  ,  and absolute value of AIC should 
be as lower as possible. Contrary, models with the higher Adjusted R-squared pre-
sent the best fit among the models. 
 
Data Interpretation  
In this section, data obtained from statistical tests and regressions are analyzed 
thoroughly. Assessment of the meaning of the findings is intercalary positioned to 
help the interpretation. 
Specification and diagnostic tests 
The numerical tables derived from each test can be found in Appendix for space sav-
ing. 
 Quandt-Andrews Breakpoint Test 
The coefficients for all variations of the multifactor models are stable as far as con-
cerned for Bolsa de Madrid. The stability of coefficients is rejected at 5% for the re-
gional factors for 3 and 5 factor model, as well as the global factors in combination 
with the regional risk market factor for 3 factor model for Athens Stock Ex-
change(Table 37, Table 38). 
 White test of Heteroscedasticity 
Evidence of heteroscedasticity was found in the residuals of the regional factors 3-
factor models of both countries as well as the regional factors 5- factor model of 
Greece. It was found in the Regional 3-factor model of Spain, too. 
To deal with this issue, problematic regressions were recalculated. This time the 
standard errors were robust by altering the calculation method of the covariance 
   
  -29- 
matrix. Newey and West (1987b) have proposed a more general covariance estima-
tor that is consistent in the presence of both heteroskedasticity and autocorrelation 
of unknown form. HAC Newey-West method was used in these cases with the num-
ber of lags been specified by AIC for the best fit (Table 39, Table 40). 
 Breusch-Godfrey Serial Correlation LM Test 
The null hypothesis that there is no serial correlation in regression residuals was not 
rejected in any test performed (Table 41, Table 42). 
 Variance Inflation Factors Test (VIF) 
The Highest VIF value derived from the several iterations of the test was 2.26 for the 
uncentered VIF factor of Spain and 2.45 for the uncentered factor of Greece. Most 
VIFs were lower than 1.5 both centered and uncentered, meaning that constant is 
used in the first but not in the second. This indicates that there is no evident multi-
collinearity amongst the risk bearing factors (Table 43, Table 44, Table 45, Table 46). 
Factors’ correlations 
The tables below (Table 17, Table 18, Table 19, Table 20) present the correlation co-
efficients among the RHS factors of the 3-factor and 5-fctor models. The significance 
of the correlation coefficients is also presented below each coefficient. 
 
Table 17: ASE 3-Factors’ correlation table. 
Athens Stock Exchange 
3-factor model 
Global  Regional 
 SMB  HML  MKT_RF  
 
 SMB  HML  RM_RF  
SMB  1 
  
SMB  1 
  p-value -----  
  
p-value -----  
  
        HML  -0.02 1 
 
HML  -0.55 1 
 p-value 0.82 -----  
 
p-value 0.00 -----  
 
        RM_RF -0.11 0.51 1 RM_RF  -0.11 0.12 1 
p-value 0.16 0.00 -----  p-value 0.16 0.14 -----  
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Table 17 continued  
Global - Bund Global, Regional Rm-Rf 
 
SMB  HML  MKT_RF  
 
SMB  HML  MKT_RF  
SMB  1 
  
SMB  1 
  p-value -----  
  
p-value -----  
  
        HML  -0.02 1 
 
HML  -0.02 1 
 p-value 0.82 -----  
 
p-value 0.82 -----  
 
        RM_RF -0.11 0.50 1 RM_RF 0.03 0.60 1 
p-value 0.16 0.00 -----  p-value 0.75 0.00 -----  
 
Table 18: ASE 5-Factors’ correlation table 
Athens Stock Exchange 
5-factor model 
Global 
 
 
SMB  HML  RMW  CMA  RM_RF 
SMB  1 
    p-value -----  
    
      HML  0.03 1 
   p-value 0.66 -----  
   
      RMW  0.02 -0.68 1 
  p-value 0.81 0.00 -----  
  
      CMA  -0.13 0.24 -0.19 1 
 p-value 0.09 0.00 0.01 -----  
 
      RM_RF -0.11 0.51 -0.49 -0.22 1 
p-value 0.15 0.00 0.00 0.00 -----  
 
 
Regional 
 
 
SMB  HML  RMW  CMA  RM_RF 
SMB  1 
    p-value -----  
    
      HML  -0.42 1 
   p-value 0.00 -----  
   
      RMW  0.18 -0.26 1 
  p-value 0.02 0.00 -----  
  
      CMA  -0.16 -0.04 -0.03 1 
 p-value 0.04 0.63 0.71 -----  
 
      RM_RF  -0.04 0.04 -0.13 -0.17 1 
p-value 0.61 0.61 0.10 0.03 -----  
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Table 18 continued 
Global-
Bund 
 
 
SMB  HML  RMW  CMA  RM_RF 
SMB  1 
    p-value -----  
    
      HML  0.03 1 
   p-value 0.66 -----  
   
      RMW  0.02 -0.68 1 
  p-value 0.81 0.00 -----  
  
      CMA  -0.13 0.24 -0.19 1 
 p-value 0.09 0.00 0.01 -----  
 
      RM_RF -0.11 0.50 -0.48 -0.23 1 
p-value 0.16 0.00 0.00 0.00 -----  
 
Global, 
Regional 
Rm-Rf 
 
SMB  HML  RMW  CMA  RM_RF 
SMB  1 
    p-value -----  
    
      HML  0.03 1 
   p-value 0.66 -----  
   
      RMW  0.02 -0.68 1 
  p-value 0.81 0.00 -----  
  
      CMA  -0.13 0.24 -0.19 1 
 p-value 0.09 0.00 0.01 -----  
 
      RM_RF 0.04 0.60 -0.53 -0.15 1 
p-value 0.64 0.00 0.00 0.06 -----  
 
Table 19: MADX 3-Factors’ correlation table 
Bolsa de Madrid 
3-factor model 
Global 
 
Regional 
 
SMB  HML  RM_RF 
 
SMB  HML  RM_RF  
SMB  1 
  
SMB  1 
  p-value -----  
  
p-value -----  
  
        HML  -0.01 1 
 
HML  -0.20 1 
 p-value 0.86 -----  
 
p-value 0.01 -----  
 
        RM_RF -0.11 0.50 1 RM_RF  -0.17 0.31 1 
p-value 0.15 0.00 -----  p-value 0.02 0.00 -----  
   
  -32- 
Table 19 continued 
Global - Bund 
 
Global, Regional Rm-Rf 
 
SMB  HML  RM_RF 
 
SMB  HML  RM_RF 
SMB  1 
  
SMB  1 
  p-value -----  
  
p-value -----  
  
        HML  -0.01 1 
 
HML  -0.01 1 
 p-value 0.86 -----  
 
p-value 0.86 -----  
 
        RM_RF -0.11 0.49 1 RM_RF -0.27 0.59 1 
p-value 0.16 0.00 -----  p-value 0.00 0.00 -----  
 
Table 20: MADX 5-Factors’ correlation table 
Bolsa de Madrid 
5-factor model 
Global 
 
 SMB  HML  RMW  CMA  RM_RF 
SMB  1 
    p-value -----  
    
      HML  0.04 1 
   p-value 0.62 -----  
   
      RMW  0.02 -0.68 1 
  p-value 0.83 0.00 -----  
  
      CMA  -0.13 0.24 -0.20 1 
 p-value 0.10 0.00 0.01 -----  
 
      RM_RF -0.11 0.50 -0.49 -0.22 1 
p-value 0.15 0.00 0.00 0.00 -----  
 
 
Regional 
 
 
SMB  HML  RMW  CMA  RM_RF 
SMB  1 
    p-value -----  
    
      HML  0.03 1 
   p-value 0.72 -----  
   
      RMW  0.01 -0.23 1 
  p-value 0.87 0.00 -----  
  
      CMA  0.04 -0.26 -0.07 1 
 p-value 0.64 0.00 0.35 -----  
 
      RM_RF  -0.08 0.31 -0.22 -0.25 1 
p-value 0.29 0.00 0.00 0.00 -----  
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Table 20 continued 
Global-
Bund 
 
 
SMB  HML  RMW  CMA  RM_RF 
SMB  1 
    p-value -----  
    
      HML  0.04 1 
   p-value 0.62 -----  
   
      RMW  0.02 -0.68 1 
  p-value 0.83 0.00 -----  
  
      CMA  -0.13 0.24 -0.20 1 
 p-value 0.10 0.00 0.01 -----  
 
      RM_RF -0.11 0.49 -0.48 -0.23 1 
p-value 0.15 0.00 0.00 0.00 -----  
 
Global, 
Regional 
Rm-Rf 
 
SMB  HML  RMW  CMA  RM_RF 
SMB  1 
    p-value -----  
    
      HML  0.04 1 
   p-value 0.62 -----  
   
      RMW  0.02 -0.68 1 
  p-value 0.83 0.00 -----  
  
      CMA  -0.13 0.24 -0.20 1 
 p-value 0.10 0.00 0.01 -----  
 
      RM_RF -0.26 0.59 -0.54 -0.07 1 
p-value 0.00 0.00 0.00 0.39 -----  
 
The relation of SMB and HML is marginally negative to zero, contrary to Fama & 
French (1992) findings. The correlation coefficient of HML with the market risk factor 
is positive and about 0.5, except from the Regional 5-factor model for Greece, in 
which it is close to zero.  
There is positive relation between SMB and market risk factor for the Spanish stock 
exchange (Table 19, Table 20), which is consistent with the findings of Fama & 
French (2015) and Cakici (2015) for US market. It could be explained by the fact that 
small stocks have larger betas than the big ones, so they are pinioned with the mar-
ket excess returns. This relation is negative according to the Greek stock exchange 
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data (Table 17, Table 18) which is consistent this time with the findings of Cakici 
(2015) for the European region. 
The correlation coefficient of the value factor with profitability is expected to be 
negative, because value stocks tend to have low profits (Table 18, Table 20). In fact, 
correlation coefficients vary from 0.68 to -0.23. Cakici (2015) also found negative 
correlation in Europe and US area. Fama & French (2015) found a coefficient which is 
almost zero. 
Similarly, a positive coefficient is expected between HML and CMA, because high 
B/MV firms tend to be very conservative in their investing approach. This is true for 
the different variations of the Global factors, but not for the Regional factors, which 
oddly present a negative relation. The findings for the regional factors are consistent 
with Fama & French (2015) about the US market, but opposite to Cakici (2015) about 
Europe and USA. 
Market risk factor has negative coefficients with all factors except from HML. 
Model performance tests 
The following two tables (Table 21, Table 22) contain the results derived from the 
calculation of the asset pricing tests: 
 GRS statistic,  
 Average absolute value of intercepts:  , 
 Average absolute value of the intercept over the average absolute value of 
the average return on portfolio i, minus the average of the portfolio returns:   
 
During GRS F-statistic calculation arose an issue in the transformation of covariance matrix 
of the residuals to its inverse. The particular covariance matrix was near-singular matrix, so 
its inverse could not be obtained. This issue happened for the Regional 3-factor model of the 
Spanish stock exchange and for the Regional 5-factor model of the Greek stock exchange. 
The singular covariance matrix is a phenomenon very ordinary when multicollinearity exists 
among the RHS factors (Table 43, Table 44, Table 45, Table 46) or Heteroscedasticity in the 
   
  -35- 
residuals (Table 39, Table 40). VIF factors indicate that multicollinearity is absent and when 
heteroscedasticity was found, it is treated with the following actions. First, I changed the 
way that covariance was calculated during regression from ordinary to White and then to 
HAC Newey-West method. I checked for the inverse but it was not possible. I tried various 
other methods such as Spearman or Kendali Tau covariance matrices, but with no result. The 
last resort was the usage of Generalized Method of Moments instead of the ordinary Least 
Squares used in the regressions. Various weighting methods were used; convergence was 
achieved most times after one lag. The problem after all was still persistent. As last treat-
ment, the Moore-Penrose Pseudoinverse matrix method was implemented and the needed 
F-statistics were obtained. 
 
Table 21: ASE Model performance tests 
Athens Stock Exchange 
3-factor GRS p-value 
 
  
Global 1.99 0.07 
 
0.850% 1.01 
Regional 2.02 0.07 
 
0.709% 0.85 
Global-Bund 2.65 0.02 
 
0.903% 1.08 
Global, Regional 
Rm-Rf 3.00 0.01 
 
1.124% 1.34 
 
5-factor GRS p-value 
   
Global 1.77 0.03 
 
0.823% 1.16 
Regional 1.78 0.03  0.668% 0.94 
Global-Bund 1.80 0.03  0.905% 1.27 
Global, Regional 
Rm-Rf 2.33 0.00  1.314% 1.84 
 
 
Table 22: MADX Model performance tests 
Bolsa de Madrid 
3-factor GRS p-value  
  
Global 1.65 0.14 
 
0.392% 1.51 
Regional 1.52 0.17 
 
0.188% 0.72 
Global-Bund 1.63 0.14 
 
0.288% 1.11 
Global, Region-
al Rm-Rf 2.58 0.02 
 
0.302% 1.16 
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3-factor versus 5-factor model comparison  
The GRS F-statistic easily rejects most of the models for the Athens Stock Exchange 
(Table 21). The only ones that could be considered adequate are the Regional and 
Global 3-factor models, which are though rejected at 10%. It is surprising that all var-
iations of the 5-factor model are rejected, although they have substantially lower 
GRS statistics. The 5-factor model generates similar absolute values of the intercepts 
to the 3- factor model, so it does not induce any improvement for the Athens Stock 
Exchange. These findings are similar to the ones from Cakici (2015). 
The findings for the Spanish stock exchange are more complicated (Table 22). The 
models that contain Regional factors generate the lowest GRS statistics and between 
them, the 5-factor model has the lowest one (1.39). Here, the 5-factor mode varia-
tions have substantially lower F-statistics than the 3-factor model variations. From 
the four 3-factor models only the one with Global and Regional market risk factor are 
rejected, contrary to the 5-factors models from which only the one with Regional 
factors is not rejected. It is also the one with the lowest F-statistic previously men-
tioned. Moreover, the 5-factor model instances generate lower values of the ratios 
and the average absolute intercepts. Thus, the 5-factor model with Regional factors 
is clearly the best asset pricing model for Spain, which is consistent with Fama & 
French (2015). 
Regional versus Global 
We can also notice that the regional factors generate the lowest average absolute 
values of the intercepts, the lowest ratios and among the lowest of GRS statistic 
(Table 21, Table 22). The same is evident in Cakici (2015). It is a clear evidence that 
both financial markets are not integrated in a satisfying level. The difference to the 
Table 22 continued 
5-factor GRS p-value  
  
Global 1.88 0.02  0.262% 0.98 
Regional 1.39 0.14  0.189% 0.71 
Global-Bund 1.94 0.02  0.237% 0.89 
Global, Region-
al Rm-Rf 2.07 0.01  0.239% 0.89 
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Global factors is more prominent in the Bolsa de Madrid. Whoever wants to tamper 
with any of these countries, especially with Spanish stocks, it is though necessary to 
implement strictly Regional factors in her asset pricing models in order to achieve 
the best performance possible. 
Risk-free rate 
It was mentioned previously that Deutsche 10-year Bund has substantial correlation 
coefficient with 1-month US Treasury Bill, but it could be better proxy for inflation 
variations since its correlation with inflation is more important than the one of T-bill 
(Table 6). 
The findings from Athens Stock Exchange are somewhat contradicting. For ASE 
(Table 21), the use of Bund as risk-free rate in the set of the global factors deterio-
rates their performance. Among the variations of the models that only Rf or whole 
risk market factor is changed, the replacement of only the Rf generates better re-
sults. It indicates that the least the complete set of Global factors are altered, the 
better they perform. 
The findings from Bolsa de Madrid are more straightforward (Table 22). In any case, 
the use of Bund as risk free rate in the set of Global factors improves the perfor-
mance of the model regarding the average absolute values of intercepts and the ra-
tios. These models are significantly better than those that contain strictly Global fac-
tors. This evidence is not congruent with the GRS statistics, which show that the re-
placement of the whole market risk factor deteriorates significantly the overall per-
formance of the model.  
Adjusted R-squared 
Adjusted R-squared points out that 5-factor model offers minor improvements over 
3-factor model performance (Table 23, Table 24, Table 25, Table 26). That means, 
that the two added factors do not help to explain the rest variation in excess returns 
on stocks that left unexplained by the 3-factor model.  
The Combination of Regional factors offers by far the best performance in all cases. 
This finding amplifies the results from asset pricing tests. 
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The substitution of only the risk-free rate in the Global set of factors does not seem 
capable to improve its performance. The whole replacement of market risk factor in 
the Global set of factors helps about 7 to 30 per cent more data to get explained in 
the regressions. 
Table 23: ASE 3-factor model Adjusted R-squared 
Athens Stock Exchange – adj. R2 
3-factor model S/L S/M S/H B/L B/M B/H 
Global 17.06% 28.10% 35.93% 35.84% 47.03% 29.06% 
Regional 80.83% 68.88% 82.82% 69.94% 79.47% 66.46% 
Global – Bund 16.71% 16.71% 36.09% 36.17% 36.17% 29.10% 
Global, Regional Rm-Rf 25.76% 51.34% 66.91% 58.29% 78.49% 57.52% 
 
Table 24: ASE 5-factor model Adjusted R-squared 
Athens Stock Exchange – adj. R2 
Size – B/V 
5-factor model S/L S/M S/H B/L B/M B/H 
Global 17.16% 29.48% 36.00% 35.12% 46.58% 29.13% 
Regional 82.27% 73.98% 80.77% 65.14% 81.73% 64.58% 
Global – Bund 16.87% 29.68% 36.15% 35.46% 46.40% 29.17% 
Global, Regional Rm-Rf 25.40% 51.81% 66.79% 58.72% 78.53% 57.34% 
 
Size - Profitability 
5-factor model S/W S/M S/R B/W B/M B/R 
Global 30.61% 34.66% 16.46% 29.94% 54.83% 43.79% 
Regional 68.16% 72.35% 81.14% 71.98% 85.47% 74.35% 
Global – Bund 30.87% 34.88% 16.21% 29.84% 54.91% 44.10% 
Global, Regional Rm-Rf 53.16% 54.09% 28.28% 56.92% 82.39% 71.01% 
 
Size - Investing 
5-factor model S/C S/M S/A B/C B/M B/A 
Global 32.01% 23.64% 19.45% 37.79% 20.90% 53.18% 
Regional 72.45% 83.30% 80.07% 75.77% 45.41% 87.85% 
Global – Bund 32.32% 23.45% 19.69% 37.68% 20.97% 53.20% 
Global, Regional Rm-Rf 50.89% 39.32% 33.95% 73.57% 45.59% 84.89% 
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Table 25: MADX 3-factor model Adjusted R-squared 
Bolsa de Madrid – adj. R2 
3-factor model S/L S/M S/H B/L B/M B/H 
Global 36.59% 61.64% 63.53% 54.28% 67.02% 56.03% 
Regional 79.65% 83.09% 94.11% 85.83% 86.63% 86.46% 
Global – Bund 36.71% 61.86% 63.67% 54.28% 67.22% 56.04% 
Global, Regional Rm-Rf 51.65% 76.50% 77.97% 83.01% 87.03% 71.75% 
 
Table 26: MADX 5-factor model Adjusted R-squared 
Bolsa de Madrid – adj. R2 
Size – B/V 
5-factor model S/L S/M S/H B/L B/M B/H 
Global 37.30% 61.73% 63.15% 55.11% 66.72% 56.88% 
Regional 75.90% 75.90% 92.22% 85.85% 87.27% 86.18% 
Global – Bund 37.42% 61.96% 63.28% 55.09% 66.93% 56.90% 
Global, Regional Rm-Rf 51.69% 77.48% 77.70% 83.76% 86.92% 73.33% 
 
Size - Profitability 
5-factor model S/W S/M S/R B/W B/M B/R 
Global 52.97% 60.00% 50.18% 53.66% 72.02% 53.86% 
Regional 88.82% 83.59% 82.24% 89.65% 94.29% 86.55% 
Global – Bund 53.02% 60.28% 50.31% 53.63% 72.08% 53.98% 
Global, Regional Rm-Rf 61.96% 76.25% 67.82% 60.50% 94.36% 85.85% 
 
Size - Investing 
5-factor model S/C S/M S/A B/C B/M B/A 
Global 50.46% 78.71% 63.21% 44.41% 33.48% 66.59% 
Regional 91.65% 78.71% 88.24% 83.21% 42.52% 95.42% 
Global – Bund 50.39% 51.23% 63.47% 44.75% 33.68% 66.78% 
Global, Regional Rm-Rf 68.42% 66.86% 75.76% 58.10% 43.98% 92.78% 
 
Akaike Information Criterion 
Akaike Information Criterion shows that the performance of the 3-factor model is 
similar to the performance of the 5-factor model (Table 47, Table 48, Table 49, Table 
50). Oddly, it presents a deterioration of the model efficiency whenever its factors 
are Regional. This finding though is not supported by any other test performed.  
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Regression details 
The following section contains information about regression coefficients and their 
significance. The intercepts and slopes are examined in detail and their importance is 
assessed. 
For the 3-factor model, the excess returns of the portfolios are regressed on the size, 
value and market risk factors. 
 
For the 5-factor model, the excess returns of the portfolios are regressed on the size, 
value and market risk factors, like the 3-factor model and additionally on the operat-
ing profitability factor and the investing factor. 
 
 
The analytical tables are placed at the end of this section (Table 27, Table 28, Table 
29, Table 30, Table 31, Table 32, Table 33, Table 34, Table 35, Table 36). This decision 
was made in order to assist the continuity of text, because of the very large size of 
the tables (total 192 regressions). 
Although GRS statistic rejects most of the models, the models’ versions that contain 
Regional factors clearly outperform the rest ones (Table 21, Table 22). Also, 5-factor 
model seems to offer significant performance improvement over 3-factor model, at 
least for Bolsa de Madrid. 
The results are compared to Fama & French (2015), which is considered the bench-
mark for 5-factor model, although it has US market as a sampling field, and with 
Cakici (2015), which provides findings for both US and European Market. These two 
papers are the only known till this dissertation is being written, that examine 3-
factor and 5-factor model performance. 
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Coefficient analysis 
Fama & French (1993, 2012) distinguish that 3-factor model has particular difficulties 
with the small cap extreme growth stocks, which produce negative factor loadings. 
The large growth stocks produce positive factor loadings. This problem is not so dis-
tinctive under this sample, but 3-factor versions at least for ASE produce large inter-
cepts that could easily reject any of those models (Table 27, Table 32). The previous-
ly described pattern in factor loadings is not consistent with the findings of this dis-
sertation. The implementation of the 5-factor model does not solve the problem 
with the large intercepts for small growth stocks. Especially for Athens Stock Ex-
change, where there is substantial expansion of the size of intercepts (Table 27, Ta-
ble 28, Table 29, Table 30, Table 31). 
The loadings of the risk market factors are always positive and close to one for all 
models. So, they do not play any role in the variation of intercepts across models.  
SMB factor is positive in 5-factor models for ASE. It is positive for small stocks and 
negative for large stocks in regional factors, which is consistent with Fama & French 
(2015), but large stocks in global factors produce positive coefficients. Concerning 
MADX (Table 33, Table 34, Table 35, Table 36), SMB coefficients are positive for 
small stocks and negative for large stocks in both 3-factor and 5-factor model ver-
sions. Again, those are consistent with Fama & French (2015). 
For 3-factor models, most of HML coefficients are positive and quite large. Those 
that are negative are close to zero. For 5-factor models, HML coefficients are positive 
in most of the cases. It is noticeable though in MADX, that HML coefficients are quite 
large for Global factors, but they shrink substantially for Regional factors. 
The exposures to RMW factor are negative and in several cases over -1. These are 
consistent with Fama & French (2015) and suggest low profitability for the firms. 
There are though some exceptions for large stocks, especially for large value stocks, 
where RMW coefficient becomes positive but close to zero. 
CMA factor loadings are mainly negative for both stock exchanges, like RMW ones, 
but with several exceptions for large growth stock, where they become positive. This 
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is reasonable, because large stock with low B/MV tend to invest heavily and keep 
simultaneously high operating profitability. 
The main deficiency of 5-factor model, according to Fama& French (2015), is appar-
ent in small firms that invest a lot despite their low profits. Their negative factors of 
RMW and CMA do not suffice to explain their average returns. This problem is espe-
cially eminent in the Greek stock exchange, where the portfolios consisting of small-
cap stocks that invest aggressively present the lowest R-squared values for the 5-
factor model. 
Statistical significance analysis 
Size factor becomes insignificant for several regressions of ASE 3-factor models 
(Table 27). Value factors become also insignificant, but for much fewer regresions. 
Market risk factor appears strongly significant in 3-factor and 5-factor models of 
both countries. 
Fama & French claim that, in US market, HML factor becomes redunant for the 5-
factors model. Cakici (2015) found that HML is marginally significant in US market 
and statistically significant in the European region. In the sample used in this 
dissertation, HML fator becomes insignificant in several regressions for ASE 5-factor 
model, mainly for the portfolios consisting of small firms. For MADX 5-factor models, 
value factor becomes redundant for Regional factors and for Global factors, for firms 
that have low B/MV or high profitability or do not invest very much. 
Cakici (2015) claims that RMW is not significant and CMA is significant in Europe. In 
Athens Stock Exchange, neither RMW nor CMA are statistically significant. In Bolsa 
de Madrid, the findings are contradicting, because in some regressions those factors 
are significant and in others are not. 
The intercepts are ususally not statistically significant for ASE 3-factor models. An 
important exception is for Global, Regional Rm-Rf S/L portfolio (5-factor model), 
where the intercept is significant at 1% and very large (3.237%) (Table 31), and fo 
S/W and S/C where intercepts are larger than 1% and significant at 1%. This means 
that the model presents poor performance for these portfolios. For MADX 3-factor 
models, intercepts are usually not significant too. 
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5-factor model does not appear to have any particular difficulties among the three 
independend sortings. Average absoute value of intercepts in ASE for each sorting is 
around 0.9%. In MADX, 5-factor model performs much better with average absolute 
intercept value for Size - Value sorting at 0.37%, for Size - Profitability at 0.14% and 
for Size – Investing at 0.18%, which is consistent with the findings from Table 22. So, 
5-factor model produces for Size – Value approximately double  the average values 
for intecepts than the 2 other sortings. These findings are assisted by the fact that, 
although most of the intercepts are insignificant for MADX, Size – Value sorting 
generates the largest ones. More specifically, Global factors are proved insufficient 
to describe the variation in average monthly excess returns of big value stocks, with 
intercepts at around -1% significant at 5%. Contrary, Regional factors produce an 
intercept at -0.2% in Size – Value sorting, which is also statistically insignificant (Table 
34). 
Regression Tables 
 
Table 27: ASE 3-factor model regression coefficients 
Athens Stock Exchange 
3-factor model 
Global S/L S/M S/H B/L B/M B/H 
a 1.216% 0.024% -0.0042 -0.421% 0.282% -1.914% 
p-value 0.32 0.97 0.55 0.64 0.01 0.12 
 s 0.722 0.683 0.449 0.321 0.127 0.128 
p-value 0.24 0.04 0.21 0.29 0.73 0.75 
 h 0.489 0.626 1.226 1.433 1.736 2.065 
p-value 0.46 0.08 0.00 0.00 0.00 0.00 
 b 1.217 0.823 0.922 0.641 1.142 0.558 
p-value 0.00 0.00 0.00 0.00 0.00 0.00 
 Regional S/L S/M S/H B/L B/M B/H 
a 0.373% 0.843% 0.910% 1.274% 0.115% 0.737% 
p-value 0.53 0.06 0.01 0.00 0.80 0.18 
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Table 27 continued 
s 0.851 0.701 0.681 -0.367 -0.202 -0.197 
p-value 0.00 0.00 0.00 0.00 0.01 0.03 
 h -0.865 0.295 0.452 -0.404 0.006 0.279 
p-value 0.00 0.00 0.00 0.00 0.91 0.00 
 b 1.175 0.832 1.040 0.831 1.251 0.965 
p-value 0.00 0.00 0.00 0.00 0.00 0.00 
 Global-Bund S/L S/M S/H B/L B/M B/H 
a 1.628% 0.300% -0.111% 0.496% -1.529% -1.056% 
p-value 0.19 0.65 0.87 0.40 0.04 0.18 
 s 0.708 0.678 0.444 0.319 0.117 0.125 
p-value 0.26 0.05 0.21 0.29 0.75 0.75 
 h 0.542 0.638 1.242 1.436 1.771 2.075 
p-value 0.41 0.07 0.00 0.00 0.00 0.00 
 b 1.192 0.824 0.921 0.647 1.129 0.557 
p-value 0.00 0.00 0.00 0.00 0.00 0.00 
 Global, Regional Rm-Rf S/L S/M S/H B/L B/M B/H 
a 2.891% 1.300% 1.102% 1.357% -0.093% 0.004% 
p-value 0.01 0.02 0.03 0.01 0.84 1.00 
 s 0.197 0.305 0.011 0.014 -0.405 -0.188 
p-value 0.73 0.27 0.97 0.95 0.08 0.54 
 h -0.584 -0.452 -0.212 0.394 0.117 0.414 
p-value 0.38 0.15 0.47 0.16 0.66 0.24 
 b 1.076 0.869 1.066 0.757 1.255 0.959 
p-value 0.00 0.00 0.00 0.00 0.00 0.00 
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Table 28: ASE 5-factor model/ Global factors regression coefficients 
Athens Stock Exchange 
5-factor model 
Global   Size – B/MV 
Global S/L S/M S/H B/L B/M B/H 
a 1.923% 0.676% 0.044% 0.319% -1.667% -0.818% 
p-value 0.16 0.36 0.96 0.63 0.04 0.35 
 s 0.550 0.611 0.370 0.343 0.054 -0.022 
p-value 0.39 0.08 0.32 0.27 0.89 0.96 
 h 0.361 0.144 0.969 1.306 1.703 2.117 
p-value 0.67 0.76 0.05 0.00 0.00 0.00 
 r -1.136 -1.374 -0.897 -0.182 -0.375 -0.547 
p-value 0.31 0.02 0.16 0.74 0.57 0.44 
 c -1.275 -0.471 -0.489 0.086 -0.423 -0.918 
p-value 0.22 0.40 0.42 0.87 0.50 0.17 
 b 1.012 0.702 0.821 0.646 1.072 0.418 
p-value 0.00 0.00 0.00 0.00 0.00 0.03 
 
Global   Size - Profitability 
 
S/W S/M S/R B/W B/M B/R 
a 0.650% 0.632% 1.499% -0.068% -0.824% -0.116% 
p-value 0.43 0.35 0.28 0.95 0.19 0.85 
 s 0.201 0.426 0.807 0.031 0.211 0.327 
p-value 0.61 0.19 0.22 0.95 0.48 0.26 
 h 0.516 -0.004 1.020 1.600 1.848 1.523 
p-value 0.32 0.99 0.24 0.02 0.00 0.00 
 r -1.109 -1.160 -0.987 -1.148 -0.392 -0.097 
p-value 0.10 0.04 0.38 0.18 0.45 0.85 
 c -0.665 -0.790 -0.795 -0.711 -1.057 -0.084 
p-value 0.30 0.13 0.46 0.38 0.03 0.86 
 b 0.826 0.808 0.888 0.782 0.843 0.711 
p-value 0.00 0.00 0.00 0.00 0.00 0.00 
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Table 28 continued 
Global   Size - Investing 
 
S/C S/M S/A B/C B/M B/A 
a 0.551% 1.879% 0.479% -1.492% -0.251% -0.933% 
p-value 0.51 0.06 0.73 0.05 0.79 0.15 
 s 0.266 0.529 0.902 0.047 0.514 0.361 
p-value 0.50 0.26 0.18 0.90 0.24 0.24 
 h 0.345 0.409 0.928 1.312 0.809 1.919 
p-value 0.51 0.52 0.30 0.01 0.15 0.00 
 r -1.088 -1.149 -1.312 -0.402 -0.355 -0.370 
p-value 0.11 0.16 0.25 0.52 0.63 0.48 
 c -0.320 -1.194 -0.032 0.207 0.628 -0.848 
p-value 0.62 0.12 0.98 0.72 0.35 0.09 
 b 0.944 0.841 1.035 0.849 0.631 0.814 
p-value 0.00 0.00 0.00 0.00 0.00 0.00 
 
 
 
 
Table 29: ASE 5-factor model/ Regional factors regression coefficients 
Athens Stock Exchange 
5-factor model 
Regional   Size – B/MV 
 
S/L S/M S/H B/L B/M B/H 
a 2.286% 0.908% 0.317% 0.528% -1.296% -0.679% 
p-value 0.09 0.21 0.68 0.42 0.11 0.43 
 s 0.529 0.609 0.366 0.344 0.041 -0.023 
p-value 0.41 0.08 0.32 0.27 0.92 0.95 
 h 0.413 0.153 0.983 1.308 1.739 2.124 
p-value 0.63 0.74 0.05 0.00 0.00 0.00 
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Table 29 continued 
r -1.162 -1.368 -0.893 -0.171 -0.386 -0.544 
p-value 0.30 0.02 0.16 0.75 0.56 0.44 
 c -1.324 -0.465 -0.486 0.101 -0.447 -0.915 
p-value 0.21 0.41 0.42 0.84 0.47 0.17 
 b 0.981 0.705 0.821 0.655 1.056 0.419 
p-value 0.00 0.00 0.00 0.00 0.00 0.03 
 
Regional   Size – Profitability 
 
S/W S/M S/R B/W B/M B/R 
a 0.921% 0.901% 1.820% 0.204% -0.540% 0.117% 
p-value 0.26 0.18 0.18 0.84 0.38 0.85 
 s 0.199 0.422 0.788 0.021 0.205 0.326 
p-value 0.61 0.19 0.23 0.97 0.49 0.26 
 h 0.524 0.009 1.069 1.629 1.866 1.530 
p-value 0.31 0.98 0.22 0.01 0.00 0.00 
 r -1.100 -1.155 -1.013 -1.158 -0.392 -0.088 
p-value 0.10 0.04 0.37 0.17 0.45 0.86 
 c -0.654 -0.786 -0.843 -0.731 -1.060 -0.073 
p-value 0.30 0.13 0.43 0.36 0.03 0.88 
 b 0.832 0.810 0.858 0.768 0.840 0.717 
p-value 0.00 0.00 0.00 0.00 0.00 0.00 
 
Regional   Size – Investing 
 
S/C S/M S/A B/C B/M B/A 
a 0.862% 2.174% 0.814% -1.200% -0.070% -0.657% 
p-value 0.29 0.03 0.56 0.11 0.94 0.30 
       s 0.263 0.516 0.903 0.037 0.513 0.354 
p-value 0.50 0.28 0.17 0.92 0.24 0.25 
       h 0.356 0.443 0.931 1.339 0.820 1.939 
p-value 0.50 0.48 0.29 0.01 0.14 0.00 
       r -1.078 -1.163 -1.295 -0.409 -0.354 -0.371 
p-value 0.11 0.16 0.26 0.51 0.63 0.48 
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Table 29 continued 
c -0.308 -1.221 -0.008 0.192 0.629 -0.855 
p-value 0.63 0.12 0.99 0.74 0.35 0.09 
       b 0.950 0.824 1.049 0.839 0.630 0.809 
p-value 0.00 0.00 0.00 0.00 0.00 0.00 
 
 
 
 
Table 30: ASE 5-factor model/ Global, Regional Rf factors regression coefficients 
Athens Stock Exchange 
5-factor model 
Global - Bund   Size – B/MV 
 
S/L S/M S/H B/L B/M B/H 
a 2.286% 0.908% 0.317% 0.528% -1.296% -0.679% 
p-value 0.09 0.21 0.68 0.42 0.11 0.43 
 s 0.529 0.609 0.366 0.344 0.041 -0.023 
p-value 0.41 0.08 0.32 0.27 0.92 0.95 
 h 0.413 0.153 0.983 1.308 1.739 2.124 
p-value 0.63 0.74 0.05 0.00 0.00 0.00 
 r -1.162 -1.368 -0.893 -0.171 -0.386 -0.544 
p-value 0.30 0.02 0.16 0.75 0.56 0.44 
 c -1.324 -0.465 -0.486 0.101 -0.447 -0.915 
p-value 0.21 0.41 0.42 0.84 0.47 0.17 
 b 0.981 0.705 0.821 0.655 1.056 0.419 
p-value 0.00 0.00 0.00 0.00 0.00 0.03 
 
Global - Bund   Size – Profitability 
 
S/W S/M S/R B/W B/M B/R 
a 0.921% 0.901% 1.820% 0.204% -0.540% 0.117% 
p-value 0.26 0.18 0.18 0.84 0.38 0.85 
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Table 30 continued 
s 0.199 0.422 0.788 0.021 0.205 0.326 
p-value 0.61 0.19 0.23 0.97 0.49 0.26 
 h 0.524 0.009 1.069 1.629 1.866 1.530 
p-value 0.31 0.98 0.22 0.01 0.00 0.00 
 r -1.100 -1.155 -1.013 -1.158 -0.392 -0.088 
p-value 0.10 0.04 0.37 0.17 0.45 0.86 
 c -0.654 -0.786 -0.843 -0.731 -1.060 -0.073 
p-value 0.30 0.13 0.43 0.36 0.03 0.88 
 b 0.832 0.810 0.858 0.768 0.840 0.717 
p-value 0.00 0.00 0.00 0.00 0.00 0.00 
 
Global - Bund   Size – Investing 
 
S/C S/M S/A B/C B/M B/A 
a 0.862% 2.174% 0.814% -1.200% -0.070% -0.657% 
p-value 0.29 0.03 0.56 0.11 0.94 0.30 
       s 0.263 0.516 0.903 0.037 0.513 0.354 
p-value 0.50 0.28 0.17 0.92 0.24 0.25 
       h 0.356 0.443 0.931 1.339 0.820 1.939 
p-value 0.50 0.48 0.29 0.01 0.14 0.00 
       r -1.078 -1.163 -1.295 -0.409 -0.354 -0.371 
p-value 0.11 0.16 0.26 0.51 0.63 0.48 
       c -0.308 -1.221 -0.008 0.192 0.629 -0.855 
p-value 0.63 0.12 0.99 0.74 0.35 0.09 
       b 0.950 0.824 1.049 0.839 0.630 0.809 
p-value 0.00 0.00 0.00 0.00 0.00 0.00 
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Table 31: ASE 5-factor model/ Global, Regional Rm-Rf factors regression coefficients 
Athens Stock Exchange 
5-factor model 
Global – Regional Rm-Rf     Size – B/MV 
 
S/L S/M S/H B/L B/M B/H 
a 3.237% 1.612% 1.153% 1.186% -0.238% -0.185% 
p-value 0.01 0.01 0.04 0.02 0.63 0.78 
 s 0.133 0.335 0.054 0.091 -0.367 -0.146 
p-value 0.82 0.23 0.83 0.71 0.12 0.64 
 h -0.638 -0.899 -0.446 0.279 0.115 0.438 
p-value 0.45 0.02 0.23 0.42 0.73 0.32 
 r -0.775 -0.901 -0.220 0.295 0.344 0.408 
p-value 0.46 0.07 0.63 0.49 0.41 0.46 
 c -0.868 0.152 0.431 0.725 0.524 0.485 
p-value 0.36 0.73 0.30 0.07 0.17 0.33 
 b 0.993 0.853 1.088 0.816 1.299 1.004 
p-value 0.00 0.00 0.00 0.00 0.00 0.00 
 
Global – Regional Rm-Rf     Size – Profitability 
 
S/W S/M S/R B/W B/M B/R 
a 1.748% 1.688% 2.684% 1.020% 0.299% 0.835% 
p-value 0.01 0.00 0.03 0.20 0.43 0.05 
 s -0.125 0.096 0.458 -0.253 -0.121 0.049 
p-value 0.69 0.71 0.44 0.50 0.50 0.81 
 h -0.666 -0.884 -0.303 -0.185 0.605 0.427 
p-value 0.13 0.02 0.72 0.73 0.02 0.14 
 r -0.581 -0.819 -0.387 -0.224 0.170 0.408 
p-value 0.29 0.08 0.71 0.73 0.59 0.26 
 c 0.025 -0.384 -0.002 0.593 -0.317 0.587 
p-value 0.96 0.36 1.00 0.33 0.28 0.08 
 b 0.982 0.831 1.080 1.242 1.019 0.882 
p-value 0.00 0.00 0.00 0.00 0.00 0.00 
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Table 31 continued 
Global – Regional Rm-Rf     Size – Investing 
 
S/C S/M S/A B/C B/M B/A 
a 1.785% 2.993% 1.858% -0.340% 0.628% 0.165% 
p-value 0.01 0.00 0.13 0.48 0.41 0.64 
 s -0.119 0.194 0.494 -0.277 0.096 0.046 
p-value 0.71 0.64 0.40 0.23 0.79 0.78 
 h -0.705 -0.718 -0.579 -0.217 -0.290 0.541 
p-value 0.13 0.22 0.49 0.51 0.54 0.02 
 r -0.676 -0.661 -0.635 0.340 0.359 0.286 
p-value 0.24 0.36 0.54 0.40 0.55 0.34 
 c 0.175 -0.566 0.857 1.223 1.494 0.040 
p-value 0.74 0.39 0.37 0.00 0.01 0.88 
 p-value 0.00 0.00 0.00 0.00 0.00 0.00 
 
 
 
Table 32: MADX 3-factor model regression coefficients 
Bolsa de Madrid 
3-factor model 
Global S/L S/M S/H B/L B/M B/H 
a -0.128% -0.469% -0.207% 0.187% -0.326% -1.036% 
p-value 0.77 0.11 0.54 0.50 0.26 0.02 
 s -0.191 0.510 0.603 -0.677 -0.688 -0.260 
p-value 0.38 0.00 0.00 0.00 0.00 0.24 
 h 0.255 0.590 1.106 -0.113 0.957 1.863 
p-value 0.27 0.00 0.00 0.45 0.00 0.00 
 b 0.702 0.717 0.741 0.652 0.655 0.585 
p-value 0.00 0.00 0.00 0.00 0.00 0.00 
 Regional S/L S/M S/H B/L B/M B/H 
a -0.155% 0.000% 0.374% 0.339% 0.068% -0.189% 
p-value 0.53 1.00 0.01 0.03 0.71 0.44 
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Table 32 continued 
s 0.957 0.710 0.972 -0.145 -0.057 -0.159 
p-value 0.00 0.00 0.00 0.00 0.31 0.03 
 h -0.339 0.270 0.542 -0.348 0.050 0.772 
p-value 0.00 0.00 0.00 0.00 0.20 0.00 
 b 1.066 0.866 0.974 0.889 1.037 0.981 
p-value 0.00 0.00 0.00 0.00 0.00 0.00 
 Global-Bund S/L S/M S/H B/L B/M B/H 
a 0.107% -0.229% 0.041% 0.406% -0.108% -0.840% 
p-value 0.81 0.43 0.90 0.15 0.71 0.06 
 s -0.196 0.505 0.599 -0.682 -0.692 -0.264 
p-value 0.37 0.00 0.00 0.00 0.00 0.23 
 h 0.270 0.605 1.122 -0.097 0.969 1.877 
p-value 0.24 0.00 0.00 0.51 0.00 0.00 
 b 0.700 0.716 0.738 0.648 0.654 0.581 
p-value 0.00 0.00 0.00 0.00 0.00 0.00 
 Global, Regional Rm-Rf S/L S/M S/H B/L B/M B/H 
a 0.251% -0.083% 0.193% 0.540% 0.028% -0.717% 
p-value 0.51 0.72 0.46 0.00 0.88 0.04 
 s 0.348 1.017 1.159 -0.142 -0.144 0.321 
p-value 0.09 0.00 0.00 0.12 0.14 0.09 
 h -0.375 0.037 0.471 -0.769 0.285 1.066 
p-value 0.09 0.78 0.00 0.00 0.01 0.00 
 b 0.992 0.956 1.028 0.967 0.979 1.001 
p-value 0.00 0.00 0.00 0.00 0.00 0.00 
 
 
 
 
 
   
  -53- 
Table 33: MADX 5-factor model/ Global factors regression coefficients 
Bolsa de Madrid 
5-factor model 
Global   Size – B/MV 
 
S/L S/M S/H B/L B/M B/H 
a 0.241% -0.642 -0.131% 0.319% -0.206% -1.122% 
p-value 0.61 0.05 0.73 0.30 0.52 0.02 
 s -0.219 0.501 0.578 -0.633 -0.700 -0.350 
p-value 0.33 0.00 0.00 0.00 0.00 0.12 
 h -0.010 0.737 1.040 -0.327 0.956 2.297 
p-value 0.97 0.00 0.00 0.09 0.00 0.00 
 r -0.750 0.356 -0.188 -0.355 -0.141 0.531 
p-value 0.06 0.18 0.54 0.16 0.59 0.18 
 c -0.132 -0.088 -0.167 0.335 -0.046 -0.601 
p-value 0.72 0.72 0.56 0.16 0.85 0.11 
 b 0.643 0.732 0.718 0.665 0.632 0.536 
p-value 0.00 0.00 0.00 0.00 0.00 0.00 
 
Global   Size –Profitability 
 
S/W S/M S/R B/W B/M B/R 
a -0.297% -0.051% -0.376% -0.244% -0.021% -0.098% 
p-value 0.51 0.87 0.32 0.75 0.95 0.72 
 s 0.274 0.578 0.139 -0.135 -0.868 -0.423 
p-value 0.20 0.00 0.44 0.70 0.00 0.00 
 h -0.016 0.594 0.752 0.096 1.060 0.174 
p-value 0.95 0.00 0.00 0.84 0.00 0.32 
 r -1.307 -0.212 0.255 -2.004 -0.469 0.295 
p-value 0.00 0.42 0.41 0.00 0.07 0.20 
 c 0.197 -0.355 -0.304 -1.297 -0.534 0.405 
p-value 0.57 0.15 0.30 0.02 0.03 0.06 
 b 0.778 0.615 0.646 0.961 0.620 0.613 
p-value 0.00 0.00 0.00 0.00 0.00 0.00 
 
Global   Size – Investing 
 
S/C S/M S/A B/C B/M B/A 
a -0.410% -0.048% -0.123% -0.139% 0.210% 0.039% 
p-value 0.32 0.80 0.72 0.71 0.58 0.90 
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Table 33 continued 
s 0.279 0.849 0.082 -0.568 -0.102 -0.722 
p-value 0.16 0.00 0.62 0.00 0.57 0.00 
 h 0.024 -0.017 0.981 0.071 0.739 0.617 
p-value 0.93 0.69 0.00 0.76 0.00 0.00 
 r -0.813 -0.084 0.210 -0.551 0.548 -0.162 
p-value 0.02 0.03 0.46 0.07 0.08 0.53 
 c 0.608 -0.102 -0.487 0.555 -0.160 -0.388 
p-value 0.06 0.06 0.07 0.05 0.58 0.11 
 b 0.756 0.720 0.725 0.547 0.457 0.684 
p-value 0.00 0.00 0.00 0.00 0.00 0.00 
 
 
 
 
Table 34: MADX 5-factor model/ Regional factors regression coefficients 
Bolsa de Madrid 
5-factor model 
Regional   Size – B/MV 
 
S/L S/M S/H B/L B/M B/H 
a 0.072% 0.053% 0.615% 0.342% 0.013% -0.201% 
p-value 0.79 0.78 0.00 0.03 0.94 0.42 
 s 0.899 0.806 0.979 -0.061 -0.089 -0.141 
p-value 0.00 0.00 0.00 0.24 0.14 0.09 
 h -0.514 -0.150 0.388 -0.301 0.029 0.798 
p-value 0.00 0.00 0.00 0.00 0.45 0.00 
 r -0.189 -0.010 -0.135 0.052 -0.036 -0.002 
p-value 0.00 0.79 0.00 0.09 0.31 0.97 
 c -0.038 -0.095 0.061 0.129 -0.146 0.029 
p-value 0.61 0.07 0.16 0.00 0.00 0.67 
 b 1.011 0.845 0.943 0.920 1.013 0.988 
p-value 0.00 0.00 0.00 0.00 0.00 0.00 
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Table 34 continued 
Regional   Size – Profitability 
 
S/W S/M S/R B/W B/M B/R 
a 0.079% 0.414% -0.091% -0.061% 0.054% 0.197% 
p-value 0.69 0.03 0.66 0.85 0.68 0.15 
 s 1.080 0.834 0.854 -0.190 -0.131 0.000 
p-value 0.00 0.00 0.00 0.10 0.00 0.99 
 h 0.006 0.110 -0.010 -0.070 0.039 -0.119 
p-value 0.89 0.01 0.82 0.32 0.16 0.00 
 r -0.486 -0.130 0.137 -1.187 -0.084 0.180 
p-value 0.00 0.00 0.00 0.00 0.00 0.00 
 c 0.286 -0.044 -0.207 -0.543 -0.044 0.039 
p-value 0.00 0.39 0.00 0.00 0.22 0.31 
 b 0.984 0.787 0.900 0.842 1.133 0.827 
p-value 0.00 0.00 0.00 0.00 0.00 0.00 
 
Regional   Size – Investing 
 
S/C S/M S/A B/C B/M B/A 
a 0.053% -0.048% 0.190% 0.229% 0.582% 0.093% 
p-value 0.73 0.80 0.29 0.22 0.07 0.38 
 s 1.057 0.849 0.782 -0.305 0.122 -0.030 
p-value 0.00 0.00 0.00 0.00 0.25 0.40 
 h 0.012 -0.017 0.014 -0.051 -0.070 -0.053 
p-value 0.72 0.69 0.73 0.20 0.31 0.02 
 r -0.122 -0.084 -0.021 0.046 0.056 -0.056 
p-value 0.00 0.03 0.55 0.21 0.37 0.01 
 c 0.459 -0.102 -0.446 0.773 -0.128 -0.322 
p-value 0.00 0.06 0.00 0.00 0.15 0.00 
 b 1.040 0.720 0.932 0.900 0.629 1.009 
p-value 0.00 0.00 0.00 0.00 0.00 0.00 
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Table 35: MADX 5-factor model/ Global, Regional Rf factors regression coefficients 
Bolsa de Madrid 
5-factor model 
Global - Bund   Size – B/MV 
 
S/L S/M S/H B/L B/M B/H 
a 0.456% -0.397% 0.109% 0.544% 0.005% -0.941% 
p-value 0.33 0.21 0.77 0.07 0.99 0.05 
 s -0.223 0.496 0.573 -0.639 -0.704 -0.354 
p-value 0.32 0.00 0.00 0.00 0.00 0.12 
 h 0.005 0.753 1.056 -0.308 0.969 2.310 
p-value 0.99 0.00 0.00 0.11 0.00 0.00 
 r -0.749 0.358 -0.187 -0.357 -0.139 0.530 
p-value 0.06 0.18 0.54 0.15 0.60 0.18 
 c -0.135 -0.090 -0.17 0.328 -0.046 -0.604 
p-value 0.71 0.72 0.56 0.16 0.85 0.10 
 b 0.641 0.730 0.716 0.660 0.632 0.533 
p-value 0.00 0.00 0.00 0.00 0.00 0.00 
 
Global - Bund   Size – Profitability 
 
S/W S/M S/R B/W B/M B/R 
a -0.035% 0.154% -0.159% 0.041% 0.187% 0.108% 
p-value 0.94 0.62 0.67 0.96 0.55 0.69 
 s 0.268 0.575 0.134 -0.151 -0.873 -0.428 
p-value 0.21 0.00 0.45 0.67 0.00 0.00 
 h 0.004 0.606 0.767 0.120 1.075 0.189 
p-value 0.99 0.00 0.00 0.79 0.00 0.28 
 r -1.308 -0.210 0.255 -2.011 -0.469 0.294 
p-value 0.00 0.42 0.41 0.00 0.07 0.20 
 c 0.191 -0.354 -0.307 -1.305 -0.537 0.401 
p-value 0.58 0.15 0.29 0.02 0.03 0.06 
 b 0.774 0.614 0.643 0.950 0.616 0.610 
p-value 0.00 0.00 0.00 0.00 0.00 0.00 
 
Global - Bund   Size – Investing 
 
S/C S/M S/A B/C B/M B/A 
a -0.153% -0.185% 0.119% 0.041% 0.362% 0.268% 
p-value 0.71 0.56 0.73 0.91 0.33 0.38 
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Table 35 continued 
s 0.272 0.378 0.078 -0.570 -0.104 -0.727 
p-value 0.17 0.01 0.63 0.00 0.56 0.00 
 h 0.045 0.451 0.995 0.080 0.748 0.632 
p-value 0.86 0.03 0.00 0.73 0.00 0.00 
 r -0.816 0.009 0.213 -0.546 0.550 -0.161 
p-value 0.02 0.97 0.45 0.07 0.08 0.53 
 c 0.599 -0.492 -0.487 0.560 -0.159 -0.389 
p-value 0.06 0.05 0.07 0.05 0.58 0.11 
 b 0.749 0.566 0.724 0.548 0.458 0.682 
p-value 0.00 0.00 0.00 0.00 0.00 0.00 
 
 
 
Table 36: MADX 5-factor model/ Global, Regional Rm-Rf factors regression coeffi-
cients 
Bolsa de Madrid 
5-factor model 
Global – Regional Rm-Rf     Size – B/MV 
 
S/L S/M S/H B/L B/M B/H 
a 0.458% -0.337% 0.133% 0.535% -0.024% -1.077% 
p-value 0.26 0.16 0.64 0.00 0.90 0.00 
 s 0.312 1.016 1.138 -0.070 -0.129 0.307 
p-value 0.14 0.00 0.00 0.45 0.21 0.11 
 h -0.576 0.226 0.458 -0.932 0.327 1.507 
p-value 0.04 0.17 0.02 0.00 0.01 0.00 
 r -0.526 0.520 0.028 -0.110 0.128 0.934 
p-value 0.13 0.01 0.91 0.46 0.44 0.00 
 c -0.093 -0.159 -0.166 0.394 0.056 -0.292 
p-value 0.76 0.38 0.44 0.00 0.71 0.29 
 b 0.953 0.984 1.026 1.000 0.992 1.034 
p-value 0.00 0.00 0.00 0.00 0.00 0.00 
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Table 36 continued 
Global – Regional Rm-Rf     Size – profitability 
 
S/W S/M S/R B/W B/M B/R 
a 0.052% 0.174% -0.153% 0.017% 0.112% 0.092% 
p-value 0.89 0.47 0.61 0.98 0.42 0.54 
 s 0.782 1.059 0.664 0.382 -0.236 0.111 
p-value 0.00 0.00 0.00 0.27 0.00 0.16 
 h -0.500 0.092 0.195 -0.355 0.337 -0.406 
p-value 0.06 0.57 0.33 0.42 0.00 0.00 
 r -1.172 -0.025 0.472 -1.569 -0.132 0.535 
p-value 0.00 0.90 0.06 0.01 0.25 0.00 
 c 0.071 -0.351 -0.274 -1.344 -0.341 0.478 
p-value 0.81 0.05 0.22 0.01 0.00 0.00 
 b 1.001 0.881 0.948 1.268 1.052 0.939 
p-value 0.00 0.00 0.00 0.00 0.00 0.00 
 
Global – Regional Rm-Rf     Size – Investing 
 
S/C S/M S/A B/C B/M B/A 
a -0.133% -0.164% 0.182% 0.057% 0.379% 0.228% 
p-value 0.68 0.53 0.51 0.86 0.26 0.11 
 s 0.870 0.821 0.588 -0.134 0.254 -0.092 
p-value 0.00 0.00 0.00 0.41 0.15 0.21 
 h -0.591 -0.017 0.481 -0.385 0.369 -0.082 
p-value 0.01 0.92 0.01 0.07 0.11 0.39 
 r -0.584 0.176 0.369 -0.377 0.685 0.142 
p-value 0.03 0.42 0.11 0.15 0.02 0.23 
 c 0.612 -0.493 -0.562 0.568 -0.160 -0.261 
p-value 0.01 0.01 0.01 0.02 0.53 0.02 
 b 1.082 0.808 0.970 0.791 0.653 1.087 
p-value 0.00 0.00 0.00 0.00 0.00 0.00 
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Conclusions 
According to Fama and French (2015) methodology, 6 portfolios where created for 
the 3-factor model and 18 portfolios for the 5-factor model, through the 3 inde-
pendent sortings: Size - Value, Size – Operating profitability and Size – Investing. This 
specific process was followed for each country separately, Greece and Spain, using 
monthly excess returns. Furthermore, Regional factors for the 3-factor and 5-factor 
model were calculated for each stock exchange. The Global factors were mixed with 
Regional ones regarding the market risk factor, creating four versions for each mod-
el. The aforementioned portfolios were regressed on these factors combinations 
producing 192 main regressions. 
Data were checked for their statistical properties: normality, serial correlation, het-
eroscedasticity, stability of coefficients and multicollinearity. No particular problems 
were appeared, except from some examples of heteroscedasticity in a small portion 
of residuals of the total regressions. They were treated appropriately and the cor-
rected values of descriptive statistics were presented. 
This study proves that Regional factors perform much better than Global factors, es-
pecially in financial markets with low level of integration. The same is true, whether 
Regional factors are used in 3-factor of 5-factor models. 
For Athens Stock Exchange, 5-factor model does not seem to offer any improvement 
to 3-factor model performance. On the other hand, asset pricing tests indicate that 
5- factor model is the best for Bolsa de Madrid. GRS statistic rejects most of the 
models, which means that none of them offers the best possible fit. 
Fama & French (2015) claim that the value factor becomes redundant in 5-factor 
model for US market. This finding is not fully supported by the findings for Greek and 
Spanish stock exchanges. They also reveal the weak spot for 5-factor model, which is 
small firms that invest a lot. This fact is prominent in the Athens Stock Exchange, 
where those specific portfolios produce the lowest adjusted R-squared values. 
5-factor model performs better in Bolsa de Madrid than in Athens Stock Exchange, 
generating much lower average absolute values of the intercepts. It is worthy to 
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mention that 5-factor model performs relatively weak in Size - Value sorting in com-
parison to the 2 other sortings for Spanish stock exchange.  
Further investigation for the rest of Euro Area member countries is recommended, in 
order to obtain unequivocal results about the performance of multifactor models. 
As far as risk-free rate, findings are contradicting for the Greek stock exchange, but 
straightforward for the Spanish stock exchange. The addition of 10-year Bund in any 
set of RHS factors, improves the model performance. 
During this research, some limitations also arose. First, the population of stocks in 
the stock exchanges of the two countries does not allow the formation of 25 portfo-
lios, as proposed by Fama & French (2015), in order to study more analytically the 
variations of average monthly excess returns. Moreover, even in some basic portfo-
lios no stock is allocated for some specific years. Second, the 3-factor model for 
Spanish stock exchange and the 5-actor model for Greek stock exchange with Re-
gional factors produce near-singular covariance matrices of residuals. These issues 
are recommended for further investigation. Perhaps another method, which is more 
appropriate at a country level, or different quantile breakpoints for the sortings that 
are going to be standard for the research community should be developed. It is also 
interesting, why the specific models provided near-singular covariance matrices for 
residuals. Perhaps, with further examination of the data-set, special characteristics 
of the financial markets of each country may arise, which will give them idiosyncratic 
properties. 
As a next step in the direction of this research, it is advised the cross examination of 
the Fama & French multifactor models performance with the Q-factor model by Hou 
et al. (2015). 
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Appendix 
Figure 5: GDP of Euro Area Members 
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Statistical Tests 
Table 37: ASE Quandt – Andrews Stability Test 
Athens Stock Exchange 
3-factor Av. LR F-statistic p-value 
 
Av. Wald F-statistic p-value 
Global 0.94 0.47 3.75 0.47 
Regional 2.30 0.02 9.20 0.02 
Global-Bund 0.99 0.42 3.97 0.42 
Global, Regional 
Rm-Rf 1.96 0.04 7.85 0.04 
 
5-factor Av. LR F-statistic p-value 
 
Av. Wald F-statistic p-value 
Global 0.91 0.53 5.45 0.53 
Regional 2.97 0.00 17.82 0.00 
Global-Bund 0.94 0.50 5.62 0.50 
Global, Regional 
Rm-Rf 1.56 0.08 9.38 0.08 
 
 
Table 38: MADX Quandt – Andrews Stability Test 
Bolsa de Madrid 
3-factor Av. LR F-statistic p-value 
 
Av. Wald F-statistic p-value 
Global 1.48 0.14 5.91 0.14 
Regional 1.16 0.29 4.66 0.29 
Global-Bund 1.26 0.24 5.04 0.24 
Global, Regional 
Rm-Rf 1.09 0.35 4.34 0.35 
 
5-factor Av. LR F-statistic p-value 
 
Av. Wald F-statistic p-value 
Global 0.69 0.79 4.16 0.79 
Regional 1.15 0.29 6.93 0.29 
Global-Bund 0.89 0.55 5.33 0.55 
Global, Regional 
Rm-Rf 0.98 0.46 5.86 0.46 
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Table 39: ASE White test for heteroscedasticity 
Athens Stock Exchange 
3-factor Obs*R-squared     Prob. Chi-Square(20) 
Global 7.38 0.60 
Regional 24.35 0.00 
Global-Bund 7.00 0.64 
Global, Regional 
Rm-Rf 7.59 0.58 
 
5-factor Obs*R-squared     Prob. Chi-Square(20) 
Global 10.29 0.96 
Regional 64.49 0.00 
Global-Bund 9.79 0.97 
Global, Regional 
Rm-Rf 9.48 0.98 
 
Table 40: MADX White test for heteroscedasticity 
Bolsa de Madrid 
3-factor Obs*R-squared     Prob. Chi-Square(20) 
Global 4.33 0.89 
Regional 20.02 0.02 
Global-Bund 2.35 0.98 
Global, Regional 
Rm-Rf 1.98 0.99 
 
5-factor Obs*R-squared     Prob. Chi-Square(20) 
Global 18.91 0.53 
Regional 24.52 0.22 
Global-Bund 12.52 0.90 
Global, Regional 
Rm-Rf 15.78 0.73 
 
 
Table 41: ASE BG Serial Correlation Test 
Athens Stock Exchange 
3-factor p-value 
Global 0.32 
Regional 0.22 
Global-Bund 0.11 
Global, Regional 
Rm-Rf 0.39 
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Table 41 continued 
5-factor p-value 
Global 0.13 
Regional 0.39 
Global-Bund 0.13 
Global, Regional 
Rm-Rf 0.12 
 
Table 42: MADX BG Serial Correlation Test 
Bolsa de Madrid 
3-factor p-value 
Global 0.14 
Regional 0.20 
Global-Bund 0.13 
Global, Regional 
Rm-Rf 0.12 
 
5-factor p-value 
Global 0.25 
Regional 0.21 
Global-Bund 0.63 
Global, Regional 
Rm-Rf 0.92 
 
 
 
Table 43: ASE 3-factor VIF 
Athens Stock Exchange 
3-factor Coefficient Uncentered Centered 
Global 
Variable Variance VIF VIF 
C 0.0001 1.02  NA 
SMB 0.3823 1.02 1.01 
HML 0.4307 1.35 1.35 
MKT_RF 0.0640 1.38 1.36 
 
Regional 
 
Coefficient Uncentered Centered 
Variable Variance VIF VIF 
C 3.55E-05 1.04  NA 
SMB 0.0091 1.48 1.43 
HML 0.0053 1.47 1.43 
RM_RF 0.0043 1.02 1.02 
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Table 43 continued 
Global-
Bund 
 
Coefficient Uncentered Centered 
Variable Variance VIF VIF 
C 0.0002 1.02  NA 
SMB 0.3838 1.02 1.01 
HML 0.4287 1.34 1.34 
MKT_RF 0.0636 1.35 1.35 
 
Global, 
Regional 
Rm-Rf 
 
Coefficient Uncentered Centered 
Variable Variance VIF VIF 
C 0.0001 1.03  NA 
SMB 0.3383 1.01 1.00 
HML 0.4456 1.56 1.56 
MKT_RF 0.0257 1.57 1.56 
 
 
Table 44: ASE 5-factor VIF 
Athens Stock Exchange 
5-factor Coefficient Uncentered Centered 
Global 
Variable Variance VIF VIF 
C 0.0002 1.24  NA 
SMB 0.4075 1.10 1.08 
HML 0.7226 2.27 2.26 
RMW 1.2196 2.13 2.02 
CMA 1.0811 1.39 1.38 
MKT_RF 0.0860 1.85 1.83 
 
Regional 
 
Coefficient Uncentered Centered 
Variable Variance VIF VIF 
C 0.0000 1.05  NA 
SMB 0.0084 1.31 1.26 
HML 0.0044 1.30 1.28 
RMW 0.0032 1.10 1.10 
CMA 0.0049 1.08 1.08 
RM_RF 0.0042 1.06 1.05 
 
Global-
Bund 
 
Coefficient Uncentered Centered 
Variable Variance VIF VIF 
C 0.000177 1.20  NA 
SMB 0.408203 1.10 1.08 
HML 0.720252 2.26 2.25 
RMW 1.223351 2.13 2.02 
CMA 1.082114 1.39 1.37 
MKT_RF 0.085047 1.82 1.81 
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Table 43 continued 
Global, 
Regional 
Rm-Rf 
 
Coefficient Uncentered Centered 
Variable Variance VIF VIF 
C 0.0002 1.16  NA 
SMB 0.3486 1.04 1.03 
HML 0.7007 2.45 2.44 
RMW 1.0831 2.10 2.00 
CMA 0.9034 1.29 1.28 
MKT_RF 0.0317 1.92 1.91 
 
Table 45: MADX 3-factor VIF 
Bolsa de Madrid 
3-factor Coefficient Uncentered Centered 
Global 
Variable Variance VIF VIF 
C 0.0000 1.02  NA 
SMB 0.0481 1.02 1.01 
HML 0.0534 1.34 1.34 
MKT_RF 0.0080 1.37 1.36 
 
Regional 
 
Coefficient Uncentered Centered 
Variable Variance VIF VIF 
C 0.0000 1.01  NA 
SMB 0.0035 1.07 1.06 
HML 0.0017 1.14 1.13 
RM_RF 0.0013 1.12 1.12 
 
Global-
Bund 
 
Coefficient Uncentered Centered 
Variable Variance VIF VIF 
C 0.0000 1.01  NA 
SMB 0.0480 1.02 1.01 
HML 0.0528 1.33 1.33 
MKT_RF 0.0079 1.35 1.34 
 
Global, 
Regional 
Rm-Rf 
 
Coefficient Uncentered Centered 
Variable Variance VIF VIF 
C 0.0000 1.01  NA 
SMB 0.0148 1.13 1.12 
HML 0.0178 1.60 1.59 
MKT_RF 0.0027 1.72 1.72 
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Table 46: MADX 5-factor VIF 
Bolsa de Madrid 
5-factor Coefficient Uncentered Centered 
Global 
Variable Variance VIF VIF 
C 0.0000 1.241  NA 
SMB 0.0384 1.100 1.08 
HML 0.0671 2.261 2.25 
RMW 0.1148 2.130 2.02 
CMA 0.1018 1.392 1.38 
MKT_RF 0.0081 1.847 1.83 
 
Regional 
 
Coefficient Uncentered Centered 
Variable Variance VIF VIF 
C 0.0000 1.032  NA 
SMB 0.0042 1.012 1.01 
HML 0.0018 1.217 1.21 
RMW 0.0014 1.130 1.12 
CMA 0.0029 1.158 1.14 
RM_RF 0.0014 1.194 1.19 
 
Global-
Bund 
 
Coefficient Uncentered Centered 
Variable Variance VIF VIF 
C 0.0000 1.201  NA 
SMB 0.0221 1.098 1.08 
HML 0.0385 2.245 2.24 
RMW 0.0663 2.129 2.02 
CMA 0.0587 1.388 1.37 
MKT_RF 0.0046 1.807 1.80 
 
Global, 
Regional 
Rm-Rf 
 
Coefficient Uncentered Centered 
Variable Variance VIF VIF 
C 0.0000 1.180  NA 
SMB 0.0202 1.249 1.23 
HML 0.0341 2.476 2.47 
RMW 0.0530 2.121 2.02 
CMA 0.0427 1.258 1.25 
MKT_RF 0.0042 2.121 2.12 
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Akaike Information Criterion 
Table 47: ASE 3-factor model AIC 
Athens Stock Exchange – AIC 
3-factor model S/L S/M S/H B/L B/M B/H 
Global -0.845 -2.057 -1.945 -2.285 -1.880 -1.726 
Regional -2.310 -2.895 -3.261 -3.043 -2.827 -2.475 
Global – Bund -0.841 -0.841 -1.948 -2.290 -2.290 -1.726 
Global, Regional Rm-Rf -0.956 -2.448 -2.606 -2.716 -2.781 -2.239 
 
 
Table 48: ASE 5-factor model AIC 
Athens Stock Exchange – AIC 
Size – B/V 
5-factor model S/L S/M S/H B/L B/M B/H 
Global -0.834 -2.065 -1.935 -2.263 -1.860 -1.715 
Regional -2.376 -3.062 -3.137 -2.884 -2.933 -2.409 
Global – Bund -0.831 -2.068 -1.937 -2.268 -1.856 -1.716 
Global, Regional Rm-Rf -0.939 -2.446 -2.591 -2.715 -2.771 -2.223 
 
Size - Profitability 
5-factor model S/W S/M S/R B/W B/M B/R 
Global -1.825 -2.217 -0.785 -1.360 -2.368 -2.405 
Regional -2.604 -3.077 -2.273 -2.276 -3.502 -3.190 
Global – Bund -1.829 -2.221 -0.782 -1.358 -2.369 -2.411 
Global, Regional Rm-Rf -2.218 -2.570 -0.938 -1.846 -3.310 -3.067 
 
Size - Investing 
5-factor model S/C S/M S/A B/C B/M B/A 
Global -1.804 -1.435 -0.756 -1.976 -1.821 -2.322 
Regional -2.708 -2.954 -2.153 -2.918 -2.192 -3.671 
Global – Bund -1.809 -1.432 -0.759 -1.974 -1.822 -2.322 
Global, Regional Rm-Rf -2.130 -1.664 -0.955 -2.832 -2.195 -3.453 
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Table 49: MADX 3-factor model AIC 
Bolsa de Madrid - AIC 
3-factor model S/L S/M S/H B/L B/M B/H 
Global -2.917 -3.700 -3.415 -3.804 -3.723 -2.898 
Regional -4.053 -4.519 -5.239 -4.975 -4.626 -4.076 
Global – Bund -2.918 -3.706 -3.419 -3.804 -3.729 -2.898 
Global, Regional Rm-Rf -3.188 -4.190 -3.919 -4.793 -4.656 -3.340 
 
 
Table 50: MADX 5-factor model AIC 
Bolsa de Madrid – AIC 
Size – B/V 
5-factor model S/L S/M S/H B/L B/M B/H 
Global -2.916 -3.691 -3.393 -3.810 -3.702 -2.906 
Regional -3.873 -3.873 -4.948 -4.965 -4.663 -4.043 
Global – Bund -2.918 -3.697 -3.397 -3.810 -3.708 -2.906 
Global, Regional Rm-Rf -3.177 -4.221 -3.896 -4.827 -4.636 -3.386 
 
Size - Profitability 
5-factor model S/W S/M S/R B/W B/M B/R 
Global -3.049 -3.718 -3.378 -2.301 -3.743 -3.988 
Regional -4.485 -4.610 -4.410 -3.800 -5.333 -5.220 
Global – Bund -3.050 -3.725 -3.381 -2.300 -3.745 -3.990 
Global, Regional Rm-Rf -3.261 -4.240 -3.815 -2.461 -5.344 -5.169 
 
Size - Investing 
5-factor model S/C S/M S/A B/C B/M B/A 
Global -3.197 -4.513 -3.548 -3.411 -3.380 -3.754 
Regional -4.978 -4.513 -4.689 -4.609 -3.526 -5.743 
Global – Bund -3.195 -3.684 -3.555 -3.417 -3.383 -3.760 
Global, Regional Rm-Rf -3.647 -4.071 -3.965 -3.694 -3.552 -5.286 
 
